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THE PRESENT STATUS OF METHIONINE 
MELVILLE SAHYUN* 


Discovery oF METHIONINE. The discovery of methionine, a 
sulfur-containing-amino acid among the products of hydrolysis 
of proteins, was curiously brought about through microbiological 
research relative to the growth of the streptococcus. When 
eventually it was isolated in a pure form it showed no par- 
ticular influence on the growth of the micro-organism. 

Previously, cystine had occupied the focus of interest of 
those investigating the sulfur-containing-amino acids. In 1921, 
Mueller reported “While a peptone-free meat infusion broth 
would produce abundant growth of hemolytic streptococci, 
short boiling with charcoal removed this property entirely. 
The addition of commercial peptone or of a sulfuric acid 
hydrolysate of certain proteins, such as meat or casein, reacti- 
vated the charcoal treated infusion and heavy cultures of 
streptococci could be obtained in the mixture, while neither 
one alone gave the slightest trace of growth.” 

Mueller attempted a fractionation of casein hydrolysate by 
various reagents and observed that mercuric sulfate precipi- 
tated the active substance in the presence of 5 per cent sul- 
furic acid. Since cystine, tyrosine, histidine, and tryptophane 
had been known to be precipitated by this reagent, Mueller 
tested them using the streptococcus organism as an indicator 
and found them inactive. Further tests indicated that the sub- 
stance was not precipitated by silver and alkali in the histidine 
fraction, but was partly precipitated along with arginine. He 
believed his fraction was destroyed by phosphototungstic acid. 

Intensive research by Mueller (1922) on the mercuric sulfate 
fraction resulted in the preparation of nodular masses of needles 
which were very soluble in water and in 70 to 80 per cent 
alcohol. These were obviously impure but were found to be 
so very active biologically that 0.01 mg. added to 25 cc. of 
medium sufficed for the growth of the streptococcus. Chemical 
analysis showed it to contain sulfur. The sulfur of this new 
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compound did not behave like that of cystine for it did not 
react with basic lead acetate to give a black precipitate. On 
further purification this substance lost its potent growth-stimu- 
lating effect. 


In 1922. Mueller announced the discovery of a new sulfur- 
containing-amino acid. The procedure he employed for its 
isolation was tedious. The protein was hydrolyzed with sul- 
furic acid and the resulting hydrolysate was neutralized by 
sodium carbonate and then treated with mercuric sulfate. The 
precipitate was decomposed by hydrogen sulfide and the solu- 
tion was again treated with mercuric sulfate. The sulfur com- 
pound remained in the filtrate. Additional impurities were 
removed by a silver precipitation at an alkaline reaction and 
the sulfur compound, in a yield of about 10 gm. from 14 kg. 
(or 30 lbs.) of casein, was realized by fractional crystallization 
from the filtrate. Analysis led to the formula of C,,H,,SN,0, 
but later work demonstrated the presence of phenylalanine as 
an impurity. In 1923, Mueller repeated his experiments and 
applied certain modifications to the former procedure: The 
acid hydrolysate of casein was treated with mercuric sulfate 
at a neutral reaction to litmus. The precipitate was thoroughly 
washed and then extracted four times by 2 per cent hot barium 
hydroxide. The extracts were freed from mercury by barium 
sulfide and then from barium. After concentrating the filtrate, 
mercuric choloride was added and the precipitate was washed 
and decomposed with barium sulfide. Reagents were removed 
and the filtrate was then concentrated in vacuo. A crystalline 
product was obtained, recrystallized several times from 70-80 
per cent alcohol, redissolved in water and subjected to reprecipi- 
tation with mercuric chloride and a repetition of the same pro- 
cedure. The final yield varied from 0.2—0.4 per cent of casein. 
Analysis of this crystalline material revealed a melting point 
of 280°-281° in a sealed tube. Its empirical formula was 
C,H,,SNO,. In 1925 Odake investigated yeast extracts and 
was also successful in isolating a substance that possessed the 
properties of Mueller’s amino acid. After consultation with 
Mueller, Barger and Coyne (1928) who accomplished the first 
synthesis of this amino acid suggested the name “Methionine” 
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in allusion to its structural formula: gamma-methylthiol-alpha- 
aminobutyric acid. 


CH,.S.CH,.CH,.CH (N H,) COOH 


The isolation of L-methionine has been investigated by Pirie 
(1932) who first employed a butyl alcohol extraction to protein 
hydrolysates, and subsequently precipitated methionine by 
means of an acetic acid solution of mercuric acetate. He decom- 
posed the mercury complex with hydrogen sulfide, concentrated 
the filtrate in vacuo and neutralized it with pyridine. On 
cooling impure methionine crystallized out. The yield by this 
procedure was 1.4 per cent of casein. Du Vigneaud and Meyer, 
(1931) modified Mueller’s original method of fractionation by 
precipitation first with mercuric sulfate and then with mer- 
curic chloride. They used aniline to neutralize the hydrochloric 
acid in the final filtrate. The yield of pure methionine by their 
procedure was about 0.1 per cent of casein. 

SYNETHEsIS OF METHIONINE. Several methods have been 
suggested for the synthesis of this amino acid with varying 
success. In 1928, Barger and Coyne became involved in a 
study of the noncystine sulfur of proteins. Their investigation 
led to the synthesis of Mueller’s amino acid and the final eluci- 
dation of its chemical structure. Inasmuch as Mueller had 
eliminated ethyl-cystine as a possibility, Barger and Coyne 
felt the substance was probably a methylthiol derivative of one 
of the butyric acids. A test was made on Mueller’s compound. 
It was shown to contain only one methylthiol group. There- 
fore, it was almost certainly an alpha-amino acid. Barger and 
Coyne’s attempt to synthesize methionine by the hydantoin 
method was not successful despite the fact that they succeeded 
in preparing methylthiolethylidenehydantoin: 


CH,.S.CH, .CH=C__C=0 


at 1 
C 


from methyl mercaptan and bromoacetal through the inter- 
mediate methylthiolacetal. The reduction of the hydantoin 
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derivative gave only decomposition products and an uncrystal- 
lizable syrup. They therefore abandoned this method of syn- 
thesis in favor of the following process: 

Method A: Meihylmercaptan was reacted with beta-chloro- 
propionaldehydeacetal: 


CH,.S.H+-Cl.CH,.CH(OC,H,),—>CH,.S.CH,.CH(OC,H,), 


The resulting beta-methylthiolpropionaldehyde-acetal was con- 
verted to the corresponding aldehyde: (CH,S.CH,.CH,.CHO) 
\ beta-methylthiolpropionaldehyde. The latter was subjected to 
Strecker cyanohydrin reaction to obtain the gamma-methy]l- 
thiol-alpha-aminopropionic acid. The final over-all yield calcu- 
lated from the aldehyde was only 6 per cent of the theoretical. 
On obtaining this compound Barger and Coyne stated: 


“. . . found it to be identical with Mueller’s acid except as 
regards optical activity. Later, Dr. Mueller informed us that 
he had himself arrived at the same constitution and had 
unsuccessfully attempted to prove it by synthesis. Since the 
amino acid has a good title to be regarded as a constituent of 
protein, a shorter name than gamma-methylthiol-alpha-amino- 
butyric acid seems desirable, and after consultation with Dr. 
Mueller, we suggest for it the name methionine, in allusion to 
the characteristic grouping.” 

Method B: The synthesis of methionine by Barger and Coyne 
was too tedious and gave poor yields. In 1930, Windus and 
Marvel reported a malonic ester synthesis of this amino acid. 
They first prepared sodium methylmercaptide by reacting 
methylmercaptan with sodium ethylate: 


(1) CH,SH+Na0C,H,—>CH,.S.Na 


Sodium ethylmercaptide was next treated with 2-chloroethanol 
to obtain methylthiolethy! alcohol: 


(2) CH,.S.Na+Cl.CH,.CH,OH—>CH,.S.CH..CH,OH 
The resulting product was converted to its chloride by treating 
it with thienyl-chloride in ethyl alcohol: 


(3) CH,.S.cH,.cH,oH4+ 50:Ch 
C,H,OH 





—>CH,.S.CH,CH,,.Cl. 


+9 
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Then by applying the malonic ester process methionine was 
obtained in about 2 per cent over-all yield. 

The malonic ester process of methionine synthesis was 
investigated by Emerson, Kirk and Schmidt (1931) who by 
using an excess of malonic ester improved the yield of beta- 
methylthiolethyl-malonic ester from 45 to 67 per cent and by 
decarboxylation of the hydrobromide of the corresponding 
malonic ester in xylene appreciably increased the final over-all 
yield of methionine. 

Method C: In 1934, Barger and Weichselbaum applied the 
phthalimidomalonic ester synthesis and obtained from 54 to 
60 per cent over-all yields calculated from beta-methylthiol- 
ethyl chloride. In 1936, Hill and Robson also described a syn- 
thesis of methionine. They prepared it from alpha-benzamido- 
gamma-butyrolactone. 

Method D: Recently Gresham and Schweitzer reinvesti- 
gated Barger and Coyne’s classical method of methionine 
synthesis and disclosed several improvements in the process. 
They reacted acrolein with methylmercaptan in the presence 
of charcoal or an amine catalyst and treated the resulting 
product with HCN to form beta-methylthialpropionaldehyde- 
cyanohydrin. They then subjected the latter compound to 
amination by means of high pressure ammonia to form gamma- 
methylthiolbutyronitrile (methionine-nitrile) which on pro- 
longed hydrolysis with sulfuric acid and subsequent neutrali- 
zation of the hydrolysis product with lime they obtained over- 
all yield of 70 to 75 per cent of methionine. 

Lecky investigated the acid hydrolysis of methionine-nitrile 
and stated that 80 to 90 per cent yield could be realized if the 
resultant hydrolysis mixture with sulfuric acid is introduced 
into a slurry of slaked lime and the alkalinity is adjusted to 
pH 11 and then filtered at a temperature between 90° and 
100° C. In a subsequent publication Lecky reported that in 
the process of decolorization of methionine the use of activated 
charcoal which had previously been saturated with methionine 
could be advantageously and effectively employed for the 
removal of impurities and coloring matter associated with 
methionine. For this purpose he employed granulated char- 
coal with a particle size of 4 to 12 mesh. “Decolorization is 
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best carried out,” he added, “when the acidity and temperature 
of methionine in solution are maintained at pH 3-5 and 90°- 
100° C., respectively.” The used charcoal may be recovered 
by first washing it with dilute sodium hydroxide and then 
with dilute sulfuric acid. 

The synthesis of methionine containing excess quantities 
of the stable isotopes S** and C*® in the beta and gamma 
positions respectively was accomplished by Kilmer and du 
Vigneaud (1944). The isotopic carbon and sulfur were initially 
in the form of NaCN and Na.SO,. They first condensed 
sodium-benzylmercaptide with ethylene-chloride (or ethylene- 
bromide) to form benzyl-beta-chloroethyl-sulfide. The resulting 
compound was next reacted with ethyl-sodiphthalimidomalo- 
nate in the presence of dry toluene to obtain S-benzyl-homo- 
cysteine. By condensation of the latter with methyl] iodide in 
the presence of liquid ammonia DL-methionine containing the 
isotopes S** and C** was obtained. 

More recently, Melville, Rachelle and Keller (1947) reported 
the synthesis of this amino acid (Z-methionine) containing 
only isotopic C'* in the methyl group. Their method consisted 
in converting radioactive barium carbonate to potassium 
bicarbonate and reducing the latter first to potassium formate 
in the presence of palladium black catalyst and then to 
methanol. This alcohol was then converted to methyl iodide 
which was condensed with the sodium derivative of homo- 
cysteine, as in the former process, in the presence of liquid 
ammonia to yield L-methionine with isotopic C™ in the methyl 
group. 

Livak, Britton, Vander Weele and Murray (1945) gave the 
following description for the synthesis of DL-methionine: 
“gamma-Butyrolactone is brominated, the alpha-bromo-gamma- 
butyrolactone thus obtained is aminated to yield alpha-amino- 
gamma-hydroxybutyric acid, which with potassium cyanate, 
gives gamma-hydroxy-alpha-ureidobutyric acid. Treatment of 
the ureido acid with concentrated hydrobromic acid gives 5- 
(beta-bromoethy!)-hydantoin, which with sodium methyl- 
mercaptide, is converted to 5-(beta-methylmercaptoethy]) - 
hydantoin, from which DL-methionine is obtained by alkaline 
hydrolysis.” 
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DETERMINATION OF METHIONINE. Methionine may be deter- 
mined by (1) chemical and (2) microbiological methods. The 
latter methods account for only 50 per cent of DL-methionine. 

Demethylation: By virtue of the labile methyl group in 
methionine, Barger and Coyne (1928) pointed out that this 
amino acid may be determined by demethylation with hydri- 
odic acid and the resulting methyl iodide may be quantita- 
tively estimated. Baernstein (1936) applied this principle for 
the determination of methionine found in proteins. 

Baernsteins’s Methyl Iodide Method: A sample of protein 
is hydrolyzed with purified hydriodic acid (HI). The hydroly- 
sate is next placed in a distillation flask provided with a stream 
of purified nitrogen gas or of carbon dioxide and the volatile 
methy] iodide is liberated by aeration and collected into a series 
of washers. These contained cadmium sulfate in sulfuric acid, 
a suspension of red phosphorous, and a standard of purified 
silver nitrate in absolute alcohol in the order mentioned. The 
contents of the last two washers are rinsed into a_ beaker, 
concentrated, made up to a definite volume and aliquot samples 
are titrated with a standard 0.02 N potassium thiocyanate 
(KSCN). 

It has been observed by investigators that the results for 
methionine by Baernstein’s method tended to be too high. 
Bailey (1937) noted that a small amount of H,S passed over 
into the standard silver nitrate washers. He, therefore, sug- 
gested washing the precipitate of silver iodide and sulfide with 
dilute nitric acid and when calculating results applying the 
necessary corrections for silver sulfide. Others have also modi- 
fied Baernstein’s method; among these Kassel and Brand 
(1938), Kuhn, Birkofer and Quackenbush (1939) and Lavine 
(1939). 

Iodometric Titration Method: Lavine (1942) proposed an 
iodometric titration method based on treating hydrolysates 
containing methionine with an excess of iodine. The free 
iodine is removed with sodium thiosulfate and the iodine-bound 
to methionine is titrated with a standard 0.025 N sodium thio- 
sulfate. 

Gravimetric Method: Beach and Teague (1943) determined 
methionine gravimetrically by hydrolyzing proteins with hydri- 
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odic acid. The excess of hydriodic acid is removed by aeration 
and the filtrate is concentrated in vacuo. Silver chloride is then 
added to insure the complete removal of free hydriodic acid 
and the resulting filtrate is concentrated to a syrup and made 
up to a definite volume. An aliquot sample is next neutralized 
with 5 N sodium hydroxide and after standing for some 15 
minutes, hydrochloric acid and zinc dust are added, and the 
mixture is allowed to stand overnight whereupon it is heated 
on a steam bath and the excess of zinc is removed by decanta- 
tion. A warm suspension of cupric oxide is added to precipi- 
tate the copper mercaptide formed. Whereas this procedure 
precipitates both cysteine and homocysteine, methionine is cal- 
culated from the non-cystine sulfur. Findings for methionine 
by this method is 87 to 92 per cent of the theory. Beach and 
Teague suggested a correction factor of 1.11 for methionine. 

McCarthy and Sullivan’s Colorimetric Method: McCarthy 
and Sullivan (1941) found that methionine forms a colored 
compound with sodium nitroprusside. To a sample of protein 
hydrolysate 1 cc. of 14.3 N sodium hydroxide and 1 cc. of one 
per cent glycine are added followed by 0.3 cc. of 10 per cent 
sodium nitroprusside. After standing for some 10 minutes 5 cc. 
of HCI—H,PO, mixture is added. The color developed is read 
in a colorimeter against a methionine standard similarly treated. 
White and Koch (1945) investigated this method and reported 
that the presence of cystine in high ratios to methionine in 
the samples, causes the color to fade and renders useless read- 
ings made after 10 minutes standing. They suggested imme- 
diate readings of the sample following the development of 
color by the addition of the acid mixture. 

Tutiya’s Method: According to Tutiya (1942) methionine 
is fused with sodium hydroxide. CH,SH is formed. It is 
aerated into a solution of isatin. A green colored compound 
develops which can be read in a colorimeter against a standard 
methionone similarly treated. 

MicrosioLocicaL Metuops: Assay of amino acids by micro- 
biological methods involves the use of certain groups of bacteria 
known as test organisms. These are divided into two groups: 
(1) The Homofermentative group comprises bacteria such as 
Lactobacillus casei, L. arabinosus, etc., which are capable of 
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almost quantitatively converting glucose to lactic acid, and (2) 
the Heterofermentative group comprises bacteria which convert 
glucose to lactic acid as well as to other degradation products 
of fermentation as ethyl alcohol and carbon dioxide, etc. 

Although many organisms have been employed for micro- 
biological assay of amino acids, only a limited number have 
been carefully studied and recommended by workers in this 
field. One reason is that different strains of the same species 
may not give the same response or may differ from one another 
as to their specific nutritional requirements. Thus, as in 
analytical chemistry, one has io be careful about the purity 
and standardization of reagents, so in microbiology one has 
to exercise considerable care in the selection of test organisms 
and tend to their proper culture. A test organism must be free 
from other bacteria and its exact nutritional requirements must 
be provided. 

Culture of Organisms: In culturing the organisms some 
prefer a stab culture in an agar medium containing 1.5 per 
cent agar, 1 per cent yeast extract and 1 per cent glucose or 
a basal liquid medium. Others have recommended richer 
media. Transfers may be made once a month or more fre- 
quently, once a week. Cultures are incubated for 24 to 48 
hours until good visible growth is attained and kept at a 
temperature of about 4°-18° C. between transfer. For quanti- 
tative microbiological assay of amino acids, it is mandatory 
that (1) test organisms specifically require for growth the 
amino acid selected for assay and (2) growth media must be 
free from this amino acid and contain all other indispensable 
amino acids and indispensable nutrients for adequate growth. 

Media: Special media for test organisms must be prepared 
and tested before quantitative microbiological assay of amino 
acids is attempted. Most media reported in the literature are 
similar to one another and consist of (1) amino acids and, at 
times, other nitrogenous substances, (2) growth factors includ- 
ing vitamins, (3) mineral salts, (4) buffers and (5) suitable 
carbohydrates for energy requirements. 

Composition of test media used by seven different groups of 
workers is summarized in Table I. The following micro- 
organisms have been found useful for the estimation of methi- 
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onine: Streptococcus faecalis (Stokes, 1945; Greenhut, 1946; 
Baumgarten, 1945; Dunn, 1947; Lyman, 1946; Riesen, 1946; 
Sauberlich, 1946); Leuconostoc mesenteroides (Dunn, 1944; 
Barton-Wright, 1946; Baumgarten, 1945; Dunn, 1947; Lyman, 
1946; Riesen, 1946; Dunn, 1946; Hodson, 1946); 2. arabinosus 
(Guirard, 1946; Dunn, 1947; Riesen, 1946; Sauberlich, 1946; 
Dunn, 1946; Horn, 1946); L. casei (Dunn, 1947); L. fermenti 
(Dunn, 1947; Dunn, 1946; Dunn, 1945), and L. delbruckii 
(Dunn, 1947). 

Preparation of Media: As a rule, growth media are prepared 
in twice the final concentration of various ingredients (except- 
ing the one amino acid to be tested) and adjusted to the proper 
pH suitable for optimum growth of the test organism. Five cc. 
of the medium deficient in a single amino acid is introduced 
into test tubes and various concentrations of the chosen standard 
are added to one set and of the unknown sample to another. 
Concentrations of standards and unknowns must be in amounts 
calculated to produce from almost zero to maximum growth. 
Contents of all tubes are diluted with distilled water to the 
same volume (preferably to 10 cc.). They are then sterilized 
by autoclaving, cooled and inoculated with a suspension of 
the test organism obtained from an actively grown culture. 
The tubes are next incubated at a suitable constant tempera- 
ture and for a definite time recommended to yield optimum 
growth and/or lactic acid. 

Measurements of Results: The results may be obtained either 
by (1) turbidimetric or (2) titrimetric measurements. For 
turbidimetric measurements of bacterial growth, photoelectric 
colorimeters are generally used. It is essential that cells of the 
culture be well shaken and time allowed for air bubbles to 
break. Readings are recorded, plotted and checked against a 
standard reference curve that had been constructed, or as 
galvanometer readings against the known amounts of the 
standard amino acid used. For titrimetric measurements, the 
acidity of a sample is determined by titration with a standard 
alkali. 

Criteria for Accuracy: According to Snell (1943, 1944) the 
criteria for testing the accuracy of a microbiological method is 
comprised of (1) agreement of values calculated from different 
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assay levels and (2) agreement of results obtained with those 
of other methods that are known to yield accurate data. As 
in chemical methods, repeated assays by the same micro- 
biological procedure must yield consistent results. 

For the assay of DL-methionine, one must bear in mind that 
only the /-methionine which corresponds to the naturally occur- 
ring amino acid found in protein, is measured by microbio- 
logical procedures. Thus the results must be multiplied by two 
to yield the true value of DL-methionine under test. 


METABOLISM OF METHIONINE 


For many years prior to the discovery of methionine, cystine 
was the only component of proteins known to contain sulfur. 
The first cystine was investigated by Osborne and Mendel who 
observed, that when 18 per cent of casein was incorporated in 
an otherwise adequate diet, young rats receiving such a food 
mixture grew at normal rates. However, when the proportions 
of casein was progressively decreased in the diet, the rate of 
increase in body weight was inhibited (Rose, 1938). The per- 
centage of cystine in casein was known to be very small and 
consequently it was assumed that this amino acid was the 
limiting factor. On the basis of these findings cystine was 
considered an essential amino acid. Several investigators con- 
firmed these observations and not until Jackson and Block 
(1932) reported the addition of methionine to a diet low in 
casein, promoted growth in the rat, that the indispensable 
nature of cystine was doubted. The findings of Jackson and 
Block were confirmed by Weichselbaum et al. (1932). Even 
then, the dispensability of cystine and the indispensability of 
methionine were not as yet fully established. 

Indispensability: Since experimental evidence based on diets 
of protein mixtures is not conclusive to demonstrate the indis- 
pensable nature of an amino acid, pure amino acids must be 
utilized for such purposes. To insure the exclusion of cystine 
and methionine from a ration, each amino acid employed in 
the preparation of a mixture of amino acids must be of the 
utmost purity and free from contamination of other amino 
acids. Rose and his associates were first to employ such a pro- 
cedure and painstakingly prepared and recrystallized each 























The Present Status of Methionine 151 


amino acid in the diet they used. The cystine employed as a 
supplement was recrystallized six times until correct chemical 
data had been obtained. The methionine investigated was a 
recrystallized synthetic product. Rose’s elaborate experiments 
showed that the addition of cystine to a diet deficient in 
methionine and cystine was practically without any effect and 
the animals lost weight; on the other hand the incorporation 
of methionine in such a diet permitted rapid growth. Thus 
his data provided the first convincing proof of the dispen- 
sability of methionine. Beach and White (1939) also reported 
that methionine stimulates the growth of animals previously 
stunted by a diet in which arachin served as the protein; 
whereas cystine under the same conditions yielded no growth- 
promoting effect. 

Thus it has been shown that the need of the body for 
protein-sulfur is met by methionine. Although methionine is 
indispensable in the diets of species of animals investigated, 
its quantitative requirements probably vary not only with 
species but with amounts of methionine and cystine present 
in the constituents of food proteins. In experiments in vivo 
it has been shown that cystine can be synthesized from me- 
thionine but the latter cannot be synthesized from the former. 
However, the addition of cystine to a diet low in methionine 
enhances growth and can to a certain extent spare the action 
of methionine. 


The demand of sulfur amino acids by different animal 
species and by man is indeed of major importance in nutrition; 
for the content of sulfur in keratin proteins such as wool, 
hair, nails, hoofs, etc., in hormones such as insulin and in 
many organs of the animal system, is so large that adequate 
quantities of methionine must be present in food-intake to 
satisfy body requirements. There is considerable evidence in 
the literature that many well known foods for human and 
animal consumption are so limited by their methionine and 
cystine content that the index of their biological value is in- 
deed low. By incorporating methionine in such foods an en- 
hancement of their utilization ensues, hence a decrease in the 
amounts of food intake. The following foods and proteins given 
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in Table II are low in methionine or methionine and cystine, 
hence their low biological value: 

Taste II* 
Percentage Deficiency in Cystine and Methionine as Compared with the 


Proteins of Whole Egg. The Data Reported Are Based on Chemical 
Analysis and on Estimation of Biological Values. 








Methods 
Food Protein Limiting Amino Acid Deficiency Chemical Biological 
Per Cent 
Beef muscle Cystine and Methionine 29 C B 
Horse muscle “4 we 35 C 7 
Chicken muscle a ” 31 C a 
Crustacean muscle 3 Pe 28 C ae 
Kidney _ 35 C xe 
Blood-globulin 3 - 73 C as 
Cow’s milk $ - 32 Cc B 
Casein * 5 42 Cc B 
Human milk " 23 46 C B 
Human colostrum “ 3 34 C 43 
Corn germ ig 9 61 C ae 
Navy bean i if ae B 
Phaseolin = " a B 
Lima bean ai . — B 
Aduski bean 45 “ =< oa B 
Soybeans ¥ = 40 2 B 
Peanut 6 ” 76 C ie 
Arachin “ sa 85 Cc B 
Pea, field “4 * 66 ae B 
Pea, garden - S 66 B 
Alfalfa ” ss 40 pe B 
Leafy vegetables $8 4 At C ~ 3 
Yeast, brewers’ - - 55 Cc B 





*This table is abstracted from Mitchell’s chapter II, M. Sahyun, Proteins 
& Amino Acids in Nutrition, Reinhold Pub. Corp., N.Y., 1948. 

Mechanism of Conversion of Methionine to Cystine: Through- 
out most of the literature bearing on phases of metabolism of 
these two amino acids, the mechanism of conversion in vivo 
of methionine to cystine has been subject of considerable re- 
search. In the absence of inadequate supply of cystine in the 
diet, methionine is converted, probably in the liver, to cystine, 
but the reverse is not true. The details of the chemical reactions 
involved are not fully established. With the advent of radi- 
active elements such as S**, C**, C'* and deuterium, different 
preparations of DL-methionine containing one or more of these 
elements in different positions in the molecule were synthesized 
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and fed to experimental animals. Tarver and Schmidt (1939) 
showed that the radiactive sulfur of methionine they synthe- 
sized is transferable to cystine in the animal body. They also 
reported that methionine can fulfill all the functions of cystine. 
Stekol (1935) observed that there was no immediate elimina- 
tion of sulfur nor of nitrogen when either cystine or methionine 
was given to rats receiving a low protein diet. This investigator 
concluded that since there was no diminution in the excretion 
of nitrogen derived from the protein of the diet and from 
endogenous sources, the retained cystine and methionine were 
not used to form protein but stored in some other form. Mad- 
den and his co-workers (1943) observed negative nitrogen bal- 
ance to take place in the experimental dog when cystine and 
not methionine was the source of amino acid sulfur in the 
diet. Of considerable importance is the recent findings of 
du Vigneaud, et al. (1944) who synthesized methionine with 
isotopes of sulfur and carbon in the beta and gamma position, 
respectively, and fed it to rats. They reported: “On isotopic 
analysis of the cystine that approximately 80 per cent of its 
sulfur but no significant amount of its carbon had been derived 
from the tagged methionine.” Thus there has been secured 
conclusive experimental evidence which establishes that the 
carbon chain of methionine is not utilized in in vivo conver- 
sion of methionine to cystine. Since the sulfur of methianine 
has been found to be transferable to cystine, it has been sug- 
gested that the remainder of the molecule could be derived 
from that of serine. 

Relation of Methionine to Creatine: The origin of creatine in 
the animal system, its relation to amino acids, to creatinine 
and its metabolism have long been subjects of considerable 
interest and debate. One reason for the unusual interest in 
this compound has been the startling revelation made less 
than two decades ago by Lundsgaard on the mechanism of 
muscular contraction. Prior to this time, it was assumed by 
physiologists that the energy released from the breakdown of 
glycogen to lactic acid was responsible for muscular activity 
and that muscle fatigue was caused by the accumulation of 
lactic acid in situ; also that muscular contraction was not 
resumed until the lactic acid formed was converted to glycogen, 
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one fifth of it being oxidized to carbon dioxide and water and 
the remaining four fifths being used for glycogen synthesis. 
Lundsgaard demonstrated that the poisoning of muscle with 
monoidoacetic acid would permit muscular contraction even 
though lactic acid was not produced. This meant that the 
process of contraction and the production of lactic acid were 
not inseparably connected. Subsequently, it was discovered 
that the process of muscular activity was the result of the 
tremendous energy released by the break-down of a substance 
known as phosphocreatine the chemical structure of which is: 


NH. PO (OH). 
HN=C 
\N.CHo COOH 
CH, 


Phosphocreatine was isolated from the extracts of skeletal 
muscle by Fiske and Subbarrow in 1927 and they together 
with the Egglestons proved that during muscular contraction, 
this compound was hydrolyzed to phosphates and creatine, and 
was resynthesized during the period of muscular recovery. 
When a muscle is poisoned with monoiodoacetic acid it con- 
tracts as long as there is phosphocreatine available, but unlike 
normal muscle, resynthesis of phosphocreatine does not take 
place, hence contraction ceases. 

Obviously Lundsgaard’s discovery and the findings of Fiske 
and Subbarrow and of the Egglestons, aroused considerable 
interest in the origin of creatine in the system. Creatine has 
the fellowing chemical structure: 


NH 
J 2 
HN=C 
\ 

N.CHp COOH 

CHy 
Herein, we are only concerned with the relationship that 
exists between creatine and methionine. 
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As can be seen from the above configuration of creatine the 
presence of a methyl group is indeed important, for apparently 
the animal system is unable to synthesize labile CH, and for 
the in vivo synthesis of compounds containing this group, the 
methyl group is borrowed (or preferably transmethylated) 
from other compounds that have the ability to lend it or 
donate it. 

Borsook and Dubnoff (1940) reported that liver slices syn- 
thesized creatine from guanidoacetic acid in vitro and that 
this reaction was accelerated by the addition of methionine. 
Their findings were confirmed by Bodansky, Duff, and Mc- 
Kinney (1941). The amidine group of creatine was also shown 
to originate from arginine by Block and Schoenheimer (1940) 
by means of their isotope experiments. However, it remained 
for du Vigneaud and his associates (1940, 1941) to prove by 
means of isotopic elements in DL-methionine, that this amino 
acid contributed its methyl group for the completion of the 
synthesis of creatine. 

Ultimate Fate of Methionine in the System: Since it has 
been definitely established that methionine is the precursor 
of cystine in the animal body and the latter has numerous 
metabolic functions and gives rise to a variety of sulfur-con- 
taining compounds, therefore methionine assumes all the pre- 
rogatives of cystine. Hitherto, no different channel is known 
than that of cystine that explains the ultimate oxidation of 
this sulfur-containing amino acid. Lewis (1936) has shown 
that methionine is oxidized more slowly than cystine in the 
normal course of metabolism. The simultaneous oral or pa- 
renteral administration of these two substances revealed that 
methionine remained longer in circulation and formed sulfate 
more slowly than cystine did. This indicates that the first 
step of methionine breakdown is its conversion to cystine. The 
latter is next reduced to cysteine. Medes (1939) extracted 
from the livers of animals enzymes which oxidized the sulfur 
of both cystine and cysteine to sulfinic acid and the latter was 
eventually converted to sulfate. 

Hair, fingernails, toenails, hoofs, wool, etc., are usually 
rich in cystine. Smuts, Mitchell, and Hamilton (1932) demon- 
strated that a diet deficient in this sulfur-containing amino 











156 Sahyun 


acid inhibited the growth of rats and their hair. Payne and 
Perlzweig (1932) observed that the fingernails of pellagrous 
patients (due to nicotinic acid deficiency) were low in cystine. 
Sullivan and Hess (1934) reported similar findings in chronic 
deforming arthritis. Peters (1934) reported improvements in 
two cases of exfoliative dermatitis following the administra- 
tion of cystine. An analysis of the “scaly skin” of these patients 
showed that one-third of the dietary cystine was lost in the 
exfoliation. 

Insofar as has been presented no mention has been made of 
the fate of the labile methyl group of methionine. As we shall 
see later, this important group in methionine has consider- 
able significance in metabolism of fat. Recently, MacKenzie 
and his associates (1947) fed methionine containing isotope 
C'* in the methyl radical to rats and reported the presence 
of radioactivity in the carbon dioxide collected even at the 
end of only one hour. This is a conclusive evidence that the 
labile methyl group when ingested as methionine can be oxi- 
dized to carbon dioxide. 

Detoxication Mechanism: It has been observed (Stekol, 
1941) that when a toxic substance like bromobenzene is fed 
continuously to rats, a deficiency in the sulfur-containing amino 
acids occurs. This deficiency is accompanied by retardation 
of growth and loss of weight and can be corrected by the 
intake of adequate amounts of methionine, cystine and homo- 
cystine (Quick, 1943). Cessation of growth and loss of weight 
following bromobenzene poisoning are explained on basis of 
utilization of these amino acids for conjugation mechanisms 
and the in vivo synthesis of mercapturic acid; thus preventing 
methionine from the pursuit of its normal metabolic functions. 
A similar deficiency has also been noted in animals fed 
biphenyl or chrysene and this toxicity was shown to be alle- 
viated by methionine, cystine and gluthathione (Stekol, 1941; 
White, 1935; West, 1942). 

The administration of 1 per cent nicotinic acid or its amide 
to rats causes toxic manifestations with concomitant loss of 
weight. Nicotinic acid apparently creates a labile methyl 
group deficiency which has been shown to be counteractable 
by methionine alone and not by choline, cystine, or homo- 
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cystine alone. Choline can be rendered effective against nico- 
tinic acid poisoning if given in conjunction with cystine or 
preferably homocystine (Handler, 1942; Stekol, 1942). 

High protein diets have been known to exert a protective 
mechanism in animals exposed to the toxic effects of selenium, 
trinitrotoluene, arsphenamine and mapharsen. The effective 
agent in proteins against these poisons was recently found to 
be methionine. In the depleted dog, Miller, et al. (1940) found 
that methionine and to a lesser extent cystine protected the 
animal against the ill effects of chloroform. 

Baxter (1946, 1947) investigated the toxicity in rats of 
0.1-0.2 per cent pyridine hydrochloride added to a diet mod- 
erately low in protein (10 per cent casein) and noted cessa- 
tion of growth and eventual death within two weeks in most 
of the experimental animals. The supplementation of the diet 
with 0.5 per cent methionine permitted growth and increased 
to a limited extent the survival time. Baxter and Mason (1947) 
studied the relationships between the mechanisms of the liver 
and kidneys injury produced by pyridine and other similar 
toxic substances and mechanisms of diets deficient in choline 
and methionine. They found that in contrast with the bene- 
ficial influence of methionine the addition of choline to the 
diet moderately low in protein and containing pyridine afforded 
no protection to the animal. They therefore concluded - that 
pyridine causes a drainage on the labile methyl group of 
methionine but not of choline. 

In a recent discussion Ershoff (1948) states: “On a low pro- 
tein diet, insufficient amounts of such amino acids may be 
present to meet the requirements for maintenance plus detoxi- 
fication with the result that an amino acid deficiency may 
develop. “The effects of such a deficiency will be particularly 
marked in the liver cell, since the liver is the organ where 
detoxification primarily occurs. The hepatotoxic effects of 
chloroform, carbon tetrachloride and other toxic substances 
may be explained therefore, at least in part, on the basis of 
methionine deficiency in the liver cell. Particularly pertinent 
in this regard is the similarity of symptoms resulting from 
a dietary deficiency of methionine with that obtained on the 
administration of noxious substances requiring methionine for 
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detoxification. It appears further that the body will employ 
nutrients preferentially for detoxification, even at the expense 
of sacrificing its own tissues to obtain the required material.” 

Bearing in mind that methionine in the animal system as- 
sumes all the prerogatives of cystine, the available information 
on the subject of detoxication indicates that its requirement 
must be sufficiently met to insure adequate supplies in the 
body of this amino acid for: (1) labile methyl group, (2) con- 
jugation mechanism, (3) synthesis of mercapturic acid, (4) 
fatty liver infiltration, (5) normal metabolic functions, (6) 
maintenance of positive nitrogen balance, and (7) growth. 

Methionine Deficiency: The complete absence of methionine 
from the diets of experimental animals causes cessation of 
growth, loss of weight, loss of hair and eventual death. It is 
now definitely established that cystine alone does not stimulate 
growth in the complete absence of methionine but it causes 
stimulation of growth in the presence of suboptimal amounts 
of its precursor. Appropriately, Rose (1938) stated: ‘These 
facts serve to emphasize the importance of knowing the exact 
composition of the ration before drawing positive deductions 
from the growth behavior of the animals.” 

There is a paucity of reports dealing with pathological 
changes occurring in animals kept not only on diets deficient 
in methionine but on suboptimal amounts of this and other 
indispensable amino acids. The widespread famines in Europe, 
in Asia and shortages of proteins for foods and feeds should 
certainly cause a much greater stimulus for such studies than 
have hitherto been made. Unquestionably, it is not enough 
to know that a certain amino acid is important in our diet 
and whether or not it is indispensable to the experimental 
animal, but more so the consequences of deficiency; particu- 
larly when the diet contains suboptimal quantities of any of 
the essential amino acids and of any pathological changes that 
may occur in the essential organs of the body. 

Glynn, Himworth, and Neuberger (1945) kept rats on a 
diet deficient in methionine and cystine and observed the 
development of massive hepatic necrosis and excretion of 
homogentisic-like compounds. These abnormalities were noted 
to be preventable when either cystine or methionine was added 
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to the deficient diet. Neuberger and Webster as cited by Cuth- 
bertson reported that a deficiency of the sulfur-containing 
amino acids decreases the ability of the body to metabolize 
aromatic amino acids to such an extent that even with small 
intake of tyrosine and phenylalanine considerable amount of 
a homogentisic-like acid is excreted. Cystine alone partially 
protects the animal against this alcaptonuria. They suggested 
that the important factor which is responsible for the develop- 
ment of necrosis, is the deficiency of cystine and that the pro- 
tective effect of methionine is due to its being a precursor of 
cystine in the body. 

Wanscher (1946) found that rats kept on a 5 per cent 
casein diet develop: (1) severe degeneration of liver cells 
concomitant with hemorrhage and intestinal inflammation, 
(2) degeneration occurring in the convoluted tubules of the 
kidneys, and (3) not infrequently severe chronic convulsions. 
Increasing the amount of casein in the diet from 5 per cent to 
10 per cent gives no protection to these animals, but the addi- 
tion of as little as 0.2 per cent of methionine restores normal 
growth and causes regeneration of hepatic tissue. The addition 
of cystine alone yields only partial protection, but does not 
prevent loss of weight, whereas cysteine affords no beneficial 
effect whatsoever. Sydenstricker, et al. (1946) observed corneal 
vascularization in rats kept on methionine deficient diets. 

Gordon, et al. (1947) studied the effect of the hypophyseal 
growth hormone on rats kept on a 6 per cent casein diet with 
and without the addition of methionine. They reported that 
in the presence of methionine in the diet the growth hormone 
promoted nitrogen retention and growth whereas in its absence 
the animals did not gain in weight but retained nitrogen. 

It has recently been reported that chloretone and pheno- 
barbital accelerate the urinary excretion of vitamin C in the 
rat and cause increased concentration of this vitamin in the 
small intestine, kidneys, liver, and to a lesser extent in the 
spleen (Feng, 1944). Roberts and Spiegel (1947) pursued 
the latter investigation on rats kept on a 5 per cent casein 
diet and reported that the ability of these animals to excrete 
ascorbic acid in response to either chloretone or phenobarbital 
is greatly limited, as compared with those kept on a diet of 
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18 per cent casein. The addition of methionine, cystine or 
both, to the 5 per cent casein diet, in amounts to bring up 
the sulfur content to that of the 18 per cent casein level, 
increase the excretion of vitamin C of rats treated with either 
chloretone or phenobarbital. They are, therefore, of the opinion 
that methionine and cystine do not act directly as precursors 
to vitamin C in the rat, but that the accelerating influence 
they exert on vitamin C excretion is related to the generally 
beneficial effect observed when they are added to a low pro- 
tein diet. 


INTERRELATIONSHIPS OF METHIONINE, CYSTINE, AND 
CHOLINE IN Fatty LIvEers 


The accumulation of fat in the cells of the liver may either 
arise from exaggerated physiological circumstances or from 
pathological conditions. As a rule physiological and pathologi- 
cal fatty livers are distinguished, not only by the quantity of 
lipids they contain, but also by the character and partition of 
these lipids. 

The excessive accumulation of fats in the liver has been 
recognized since 1889 when Minkowski performed his classical 
experiment of extirpation of the pancreas in dogs. The develop- 
ment of hyperglycemia and glycosuria in the depancreatized 
animal overshadowed that of fatty livers. Not until the dis- 
covery of insulin took place and depancreatized animals were 
required to pursue further research on carbohydrate metab- 
olism and insulin did the excessive deposition of fat in the 
liver become an important problem in nutrition. Following 
pancreatectomy, it was soon realized that insulin alone would 
not suffice to maintain life in the experimental animal (Allen, 
1924). An impairment of liver function takes place with rapid 
accumulation of lipids and ketone bodies. Since the only dif- 
ference between the depancreatized and the intact animal is 
the removal of the pancreas, it was found necessary to include 
raw pancreas in the diet of such animals to permit normal 
hepatic functions while insulin is being parenterally admin- 
istered to control blood sugar. Hershey and Soskin (1931) also 
discovered that egg-yolk-lecithin could replace raw pancreas 
in the diet of the depancreatized animal and restore normal 
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liver function. Thus the term lipotropic has been applied to 
such substances that are capable of eliminating excessive ac- 
cumulation of fat in the liver caused by dietary deficiencies. 

Individuals with pathological fatty livers do not consume an 
undue amount of fat in the diet nor is there an excess of lipids 
in the blood stream. In effect there is a diminution of blood 
lipids, a reduction in cholesterol esters, phosphatides and a 
disturbed pattern of hepatic lipids. These pathological dis- 
orders arising from dietary deficiencies will ultimately lead 
to a degeneration of liver cells and cirrhosis and not infre- 
quently are accompanied by hemorrhages and degenerative 
lesions in the kidneys. 

According to Peters and Van Slyke (1946), “In almost every 
instance dietary fatty livers have been traced to the absence 
from the diet of some components essential for the synthesis 
of phospholipids or the presence of some compound which 
interferes with their synthesis.” 

Two of the important dietary factors that have been investi- 
gated and found to possess lipotropic activity are choline and 
methionine. Although these two compounds radically differ 
from one another in their chemical composition, nevertheless 
they do possess one virtue in common, viz. labile methyl group. 

It has been pointed out earlier in this discussion that lecithin 
(phosphatidyl choline) 


CHp O-R 
CHO-R 6 


4 
CHeO— PN. on OH 


O-CH, CH,-N = (CHa), 


found in egg yolk is capable of preventing fatty infiltration 
in the liver of the depancreatized dog. The findings of Hershey 
and Soskin were subsequently confirmed by Best and his asso- 
ciates (1932) who also demonstrated that the active lipotropic 
agent in lecithin is choline. Further research in this field led 
to the observation that the livers of animals kept on choline- 
deficient diets, but containing adequate amounts of casein and 
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sucrose, did not accumulate fat. An investigation of the active 
lipotropic agent in casein soon revealed, that, whereas cystine 
added to diets deficient in choline and methionine caused fatty 
liver infiltration in the experimental animal, both D- and 
L-methionine did not. 

The mechanism of action of choline and methionine in pre- 
venting fatty liver infiltration was undertaken and by prepara- 
tions of compounds containing isotopes of H, C, and S the 
transmethylation theory was evolved. 

Transmethylation: In reviewing the subject of interrelation- 
ships between choline and other methylated compounds, du 
Vigneaud (1941) stated, “The concept that methylation was 
a general metabolic process was, in fact, explicitly stated some 
fifty years ago by Hoffmeister (1894) who in his studies on 
the methylation of tellurium suggested the formation of choline 
and creatine might be due to the same methylating mechanism. 
He even postulated that for the purpose of methylation, a 
methyl griup might be split off from some precursor and at- 
tached to the new moiety.” 

On demethylating methionine in the animal system, it has 
been shown that homocystine is the first intermediate product. 
Du Vigneaud, Chandler, Moyer, and Keppel (1939) demon- 
strated that rats receiving homocystine in a diet deficient in 
both methionine and choline were unable to grow. However, 
it was found that homocystine could support growth of ani- 
mals on a methionine-free diet only in the presence of choline 
or betaine. These observations were confirmed by others (Platt, 
1939; Chandler, 1940). It therefore appears that choline had 
probably acted as a donor of a methyl group for the synthesis 
of methionine from homocystine. 

The lipotropic action of methionine is apparently due to its 
ability to contribute methyl groups for the synthesis of choline 
from ethanolamine. Evidence for the latter compound as the 
source of nitrogen of choline is found in the experiments of 
Stetten (1942) on rats in which the feeding of ethanolamine 
containing N*’ led to the in vivo synthesis of choline contain- 
ing labelled nitrogen. 

Although both choline and methionine are considered excel- 
lent transmethylating agents in the animal system, their paths 
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only cross at certain intersections in this complicated system 
of fat metabolism and evidently only in this respect do they 
perform similar functions. Thereafter each assumes more spe- 
cific roles in metabolism. Choline, for example, is not entirely 
dependent on its labile methyl group for its liptropic activity 
whereas methionine performs this function only by donating 
its methyl group for the in vivo synthesis of choline. The 
latter is an essential precursor of lecithin and the exact 
mechanism of its lipotropic activity is yet to be elucidated. 

The lipotropic activity of a large number of compounds has 
been investigated and only those substances which can form 
choline or donate their methyl groups for its synthesis were 
found physiologically active in preventing fatty liver infiltra- 
tion. In the investigation of casein as a substitute to choline 
as a lipotropic agent, several workers (Best, 1940; Hannon, 
1938; Tucker, 1940) were unable to account for the total 
lipotropic activity of this protein by its methionine content. 
In view of this, a number of amino acids have been tested and 
found devoid of this activity. Some observers (Tucker, 1940) 
implied that the opposing action of cystine and methionine 
together could explain the whole lipotropic effect of casein. 
This is indeed doubtful as cystine has a fattening effect and 
therefore counteracts the lipotropic action of methionine. 

Several substances are known to produce fatty livers in the 
experimental animal despite the presence of protective doses 
of choline. Among these is guanidoacetic acid (Stetten, 1942). 
This compound apparently exerts its effect by requisitioning 
the methyl group from choline or methionine for the synthesis 
of creatine. Like most agents that give rise to fatty livers, 
guanidoacetic acid induces characteristic lesions in the kidneys. 

Ever since its discovery, cystine has ever been an elusive 
compound and some one hundred years were required to estab- 
lish its exact chemical structure. Being a sulfur-containing 
amino acid it has occupied stellar roles in the metabolism of 
amino acids. As methionine replaced cystine in its classifica- 
tion among the indispensable amino acids, investigators in 
this field were again puzzled by the peculiarity of cystine to 
promote hepatic fat infiltration. In young rats, for example, 
0.3 per cent of this compound did as much damage as 1.0 per 
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cent and no greater quantity of choline was necessary to coun- 
teract the large dose than was needed for the small dose 
(Griffith, 1940). This effect of cystine was considered by 
some workers to be connected with methylation. This explana- 
tion is also applicable to homocystine which also induces 
hepatic fat infiltration, and which has been shown by isotopic 
studies to be a methyl receptor. 

The liver fattening effect of cystine, according to Griffith 
(1940-1941) may be accounted for by the appetite-stimu- 
lating effect it produces, thus exacting a greater demand for 
choline or methionine in the diet. This obviously indicates 
that this particular effect of cystine is not due to any specific 
toxic action nor to a direct interference with the process of 
fat transportation. Griffith and Mulford (1941) reported that 
the incidence of fatty livers in rats is related to food-intake. 
For the prevention of fatty livers caused by cystine, adequate 
amounts of either choline or methionine must be incorporated 
in the diet. Thus rats kept on choline deficient diets and just 
enough methionine to prevent hepatic fatty liver infiltration, 
cystine will enhance appetite and causes deposition of fat in 
the liver. This effect is greater in young growing rats than 
in mature animals (Horning, 1940; Treadwell, 1944). 

Recently, Stetten and Salcedo (Stetten, 1944) showed that 
the administration of heavy water to rats kept on choline 
deficient diets resulted in the findings of deuterium only in 
the fetty acids of the liver, while on the addition of cystine to 
the diets of animals similarly treated, their livers were equally 
fat. However deuterium was found in the fatty acids of the 
liver and in the fatty acids of the carcass. It may therefore 
be concluded that cystine is a general fattening agent whereas 
the lack of choline seems to block the movement of fat from 
the liver to other tissues of the body. 


METHIONINE IN NuTRITION 


We have so far followed the course of methionine in metab- 
olism with reference to: (1) its indispensability as a con- 
stituent of proteins in the diets of animals, (2) its breakdown 
in the system and the mechanism of its conversion to homo- 
cystine and cystine, (3) its ultimate fate, (4) detoxication 
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mechanisms, (5) consequences of its deficiency and (6) by 
virtue of its labile methyl group (a) its relation to the in vivo 
synthesis of creatine and choline and (b) the role it plays in 
fatty liver infiltration—in brief, its importance as a trans- 
methylating agent. 

Protein Sparing-Action: Recently considerable interest has 
been shown in the relationship between nitrogen balance and 
absorbed protein nitrogen. This interest by certain workers 
has revolved around the regions of negative and low positive 
nitrogen balances with the object of providing more accurate 
means of evaluating the biological efficiency of proteins, pro- 
tein hydrolysates and mixture of amino acids in the diets of 
animals and man. In 1944, Miller furnished evidence to the 
effect that methionine reduces the excretion of nitrogen in 
normal adult dogs receiving a protein-free diet. Stevenson, 
Swanson, and Brush (1946) also noted a nitrogen-sparing 
action for this amino acid in the rat. Croft and Peters (1945) 
demonstrated in burned rats that by doubling the protein in- 
take and including one per cent of DZ-methionine, nitrogen 
equilibrium was attained. This indeed was a startling revela- 
tion. Sahyun, Kade and Houston (1947) carefully investigated 
the biological efficiency in dogs of acid hydrolysates of casein 
fortified with DL-tryptophane and showed that the addition of 
DL-methionine to this mixture considerably enhances its bio- 
logical activity. They also showed that whereas 140 mg. N 
of casein per kg. of body weight is required for the maintenance 
of nitrogen balance in the dog, only 110 mg. N of the acid 
hydrolysate fortified with DL-tryptophane and DL-methionine 
is needed. Subsequent investigations by these authors revealed 
that in the dog as well as in the rat, the biological effect of 
casein fortified with DL-methionine is on a par with that of 
lactalbumin which is considered one of the most efficient and 
complete proteins known. 

Allison and co-workers (1947) found that the addition of 
DL-methionine to a low protein diet containing casein or egg 
white will reduce the excretion of nitrogen in the adult dog. 
Furthermore, they reported that nitrogen excretions remain 
lower than those of control values for several days after the 
amino acid (methionine) has been withdrawn from the diet. 
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Thus they concluded that the addition of 0.025 gm. of me- 
thionine-N (0.4 gm. of methionine) to one gram of casein-N 
(6.25 gm. casein) produces a maximum nitrogen balance index 
for this protein. The addition of larger quantities of methionine 
to the casein does not alter this index. Brush, et al. (1947) also 
observed a marked reduction in the quantity of nitrogen ex- 
creted in the urine by standardized rats partially depleted of 
their bodily reserves of proteins following the introduction of 
whole eggs into a protein-free diet. A careful study of the 
10 essential amino acids by these workers led to the identifica- 
tion of methionine as being the most effective amino acid in 
this respect. Analyses of whole carcasses and muscle of adult 
rats suggest the specificity of methionine in nitrogen metab- 
olism. They stated: “The continued loss in body weight, the 
lack of change in the total nitrogen content of the carcass, the 
constancy of the ratio of methionine nitrogen to total mitrogen 
of the carcass and the increment in hepatic tissue when me- 
thionine is fed to the depleted animals, point to the possibility 
that this amino acid does not act in the general maintenance 
of body tissues but in the synthesis of functional proteins and 
important metabolites.” 


The sparing-action of methionine on the urinary nitrogen 
in men at normal and low levels of protein-intake was studied 
by Johnson and co-workers (1947) who reported that under 
the conditions employed, methionine did not seem to spare 
body protein, and Cox and co-workers (1947) also made similar 
observations. The latter two observations in man may either 
mean that methionine sparing effect does not occur in the 
normal human subject but may be demonstrable in cases of 
malnutrition and severe hypoproteinemia or that there are 
species differences. The latter is well known to investigators 
in this field, e.g., histidine which is an essential amino acid 
to experimental animals is dispensable to man. In the case 
of methionine, this particular function of protein-sparing effect 
may or may not take place in man, but if methionine kas no 
sparing-action on urinary excretions of nitrogen when the sub- 
ject is kept on low protein-diets, its other functions, previously 
discussed, may be accentuated and the demand for the labile 
methyl! group for the synthesis of creatine, choline and cystine 
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in vivo, becomes such that there will be no methionine avail- 
able to exercise a protein-sparing action. The experiments of 
Tidwell (1946) support this theory for he found no diminu- 
tion in the formation of creatine as measured by urinary excre- 
tion in animals kept on a diet deficient in labile methyl group. 
He stated: “The available methionine was preferentially used 
for growth and creatine formation. The increased excretion of 
creatine by these animals, apparently associated with weight 
loss, causes a waste of needed methyl groups instead of their 
conservation.” 

From the experimental evidence presented in rats and in 
dogs the effect of methionine should be extensively studied in 
such animals as sheep, the lactating cow, hogs, chicks, turkeys, 
etc. This property of methionine should prove of considerable 
value not only from a metabolic point of view but more so of 
economic reasons. Many feed proteins are low in this amino 
acid and if it should prove that the addition of small quantities 
of methionine to feeds enhances the meat conversion-factors 
of feed-intake then larger number of stocks could be raised at 
lower costs. 

Methionine Supplementation: Of considerable importance to 
the diet of both animals and man is the admixture of various 
types of foods to obtain satisfactory and pleasing diets that 
provide adequate growth and maintenance of good health at 
reasonable costs. The economic factors involved are certainly 
of paramount considerations to all. 

In a recent publication on this subject, Booher (1948) states: 


“Carefully considered and circumspect improvements in the nutritive 
qualities of staple low-cost foods and the development of further low-cost 
food items of high nutritive value and wide acceptability could expedite 
the process of obtaining more adequate diets for those of low incomes. 
However, the inadequate diets of the poor are not of a uniform pattern 
and the poor as well as other economic groups have various food prefer- 
ences. So it is not to be expected that one or even a few low-cost food 
items can be ushered in hastily to solve the entire nutritional problem of 
the poor. Whether or not improvements in nutritive qualities of existing 
staple articles of food or development of inexpensive new foods would be 
in the best interests of the poor requires consideration of the cost to the 
consumers, the degree of acceptability of the items and the probable level 
of consumption of the products proposed. Any food purporting to be a 
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boon to the poor must be within economic reach of those with low incomes; 
it should enjoy ready acceptance by significant numbers of the poor, and 
it should supply needed nutrients and be consumed in effective quantities 
by the poor. . . . Ignorance or indolence (both remedial by proper edu- 
cation) almost doom one to the maximal risk of living in poverty; knowl- 
edge, training and a willingness to be productive and useful are the best 
tools we have to avoid the risk of having to live in poverty.” 

It is true that the proteins of meat are of high nutritive 
quality. However in order to produce meat proteins, plant 
proteins must be utilized as feed for conversion into meat pro- 
teins. The efficiency of feed proteins to meat protein conversion, 
obviously varies with the species the nature of protein as well 
as with the size of the animal produced. For beef-proteins, 
for example, the conversion factor varies throughout the entire 
range of relatively short-term intensive feeding between 11 
and 14.5 per cent. However, for less intensive feeding and 
storing the animals over long periods, the conversion factor is 
significantly lower. This, in a nut-shell, explains the high 
cost of animal proteins as compared to that of plant proteins 
and why among many nations and in many areas of the 
United States plant proteins have to be used almost exclusively 
as a food. 

It is well known that field peas have always been widely 
used as a source of protein in famine areas in Europe and 
Asia and in many parts of this country. Cull-peas provide 
a protein concentrate of high value for animal feeding. Rus- 
sell and co-workers (1946) employing rats, Peterson and Lamp- 
man (1944) using chickens, demonstrated that the low me- 
thionine content of pea protein is a limiting factor when peas 
were used as the sole source of protein in growth studies. 
Lehrer, Woods, and Beeson (1947) showed in the rat that 
cooked peas alone were a poor source of protein for growth. 
However, when peas were supplemented with 0.3 per cent 
DL-methionine growth was increased until it was not signifi- 
cantly different from that obtained with whole egg protein. 
Murray investigated the protein of Alaska field pea and 
showed it to be inferior to casein when both were fed at the 
10 per cent level. She also observed that canning and baking 
of peas produce a lowering of the biological value of this 
protein. 











eeu 











The Present Status of Methionine 169 


Russell, et al. (1946) investigated several varieties of lima 
beans, snap beans, chick peas and soy beans and showed that 
their methionine content ranged from 0.29 to 0.85 per cent. 
They also studied the nutritive values of these legumes in the 
rat at a 10 per cent protein level as the sole source of nitrogen 
intake. They observed little or no growth; however the addi- 
tion of as little as 0.1 per cent of methionine to the basal diet 
caused an immediate growth response. 

It is therefore obvious from the results obtained by these 
investigators that the addition of DlL-methionine to such a 
valuable plant protein so abundant and well-liked by animals 
and man will raise its biological value and renders it a far 
more useful and nutritive food. Using methionine as a supple- 
ment to protein in food, it is important to bear in mind that 
it should be incorporated along with the protein of the diet. 
Geiger (1947) has shown that delayed supplementation of such 
amino acids as tryptophane, methionine, and lysine, by sev- 
eral hours after feeding of the incomplete protein or amino 
acid mixture, will not promote growth. 

Methionine in Man: This amino acid has been shown by 
numerous investigators (Rose, 1944; Madden, 1944; Block, 
1943; Albanese, 1944) to be indispensable to man. Its quan- 
titative requirement in the normal adult human has not as 
yet been fully established. According to Rose (1947) the upper 
limit of man’s daily intake of this amino acid is 50 mg. per 
kg. of body weight or 3.50 gm. for a man weighing 70 kg. In 
deficiency disorders and in certain metabolic dysfunctions addi- 
tional supplements of methionine are required. 

Hepatic Diseases: In 1941, Gyorgy and Goldblatt observed 
that necrosis or cirrhosis of the liver would develop in rats on 
a low protein-intake and that the administration of choline 
would prevent the development of these syndromes. Daft, 
Sebrell, and Lillie (1941) confirmed their work and added 
that some protection to the liver was afforded by the addition 
of choline, methionine, and casein. Subsequently, Gyorgy and 
Goldblatt (1942) showed that the cirrhosis produced in ani- 
mals by a low protein diet could be prevented by a combina- 
tion of choline and methionine or by methionine alone. In 
1942, Fagin and Zinn and in 1943, Fagin, Sahyun, and Pagel 
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clinically investigated the lipotropic activity of an amino acid 
mixture and reported that liver specimens from patients with 
cirrhosis due to chronic alcoholism, who had received amino 
acid therapy, contained a greater percentage of protein and a 
lesser percentage of fat than specimens from patients who had 
not received amino acid therapy. They postulated that the 
lipotropic activity of the preparation they used was primarily 
due to its methionine content. In 1944, Beattie and Marshall 
published their observations on a case of a young soldier with 
infective hepatitis who fully recovered following the injec- 
tion of methionine; however, they stated that in chronic cases 
superimposed on a pre-existing cirrhosis there might be limited 
improvement with methionine therapy. Barclay, et al. (1945) 
intravenously administered 10 gm. of methionine daily and 
obtained dramatic results im two patients with infective hep- 
atitis; they felt that the failure of Higgins, et al. (1945) to 
achieve similar results could be due to the inadequacy of the 
dosage the latter used in their clinical studies. Barclay and 
Cooke (1945) also obtained excellent results when both choline 
and methionine were intravenously injected into a patient who 
had severe hepatorenal injury as a result of large doses of 
barbiturates. Wilson, Pollock, and Harris (1946) orally ad- 
ministered methionine to 52 patients with infective hepatitis 
and found a significant shortening of the period of recovery 
as compared with 51 control cases who had not received me- 
thionine. Ferriman, Williams, and Cadman (1946) gave me- 
thionine to a patient with subacute necrosis and two months 
after the methionine treatment reported complete recovery. 
Eddy (1945) studied the effect of this amino acid in patients 
with toxic hepatitis caused by trinitrotoluene and carbon 
tetrachloride poisoning and reported favorable results. In 1947, 
Morrison after a careful clinical study of methionine and 
choline therapy that extended over three years stated that 
patients were treated with these agents showed greater im- 
provement, a lower incidence of mortality and a more definite 
decrease in ascites than those in the control group that were 
managed without methionine and choline. Recently, Beams 
and Endicott (1947) demonstrated decisively the effectiveness 
of methionine alone in the management of cirrhosis in the 
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decompensated stage. They showed by means of liver biopsies 
definite histologic changes and clinical improvement in hepatic 
functions as demonstrable by liver function tests. These in- 
vestigators recommended an average daily dose of 2 to 5 gm. 
of DL-methionine as a dietary supplement for the treatment 
of cirrhosis of the liver. 


METHIONINE CONTENT OF PROTEINS 


Owing to the indispensability of this amino acid in the diets 
of man and animals and the important roles it plays in nutri- 
tion and in various aspects of metabolism, the following tables 
showing the percentages of methionine in various proteins of 
animal and plant origin are given. It is unfortunate that most . 
investigators in this field have calculated percentages of me- 
thionine in proteins on basis of 16 per cent nitrogen using the 
factor: (N x 6.25). This factor is usually applicable to most 
proteins of animal origin. The factor (N X 5.7) is conventional 
for most plant proteins. Data are presented in the appended 
tables (III to VII). 


Taste III 


Methionine Content of Certain Food Proteins 








Food Material Methionine 

Per Cent 
RES Sono ke x Sacks clby bten9 3.88 
I UID ag in wceia x os 5 al aro p's sa 4.12 
IN orig Sig a cisiirdn Si cKOw swore a bs 6.23 
NN NE icicle ncisure wnviv olds nee 4.48 
0 ER ence ee 4.07 
TI Cocco akee seek ts ones 3.59 
I Ee Sing is ets adios ere nin hie wos 3.88 
PE ONE 5 dei cease ae sckcnmase 2.34 
I ior cn oh 6 anak vesbcavkan 2.62 
ee er ee ae 6.42 
Ee ee eres 4.60 
RE IIE ee aE Pee nee 2.80 
EE re ry 3.49 
el as:h an Chea eid eth 3.43 
Sunflower-seed meal .............-.06: 3.35 





Data from L. E. Edwards, R. R. Sealock, W. W. O’Donnell, G. R. Bartlett, 
M. B. Barclay, R. Tully, R. H. Tybout, J. Box, and J. R. Murlin, J. Nutri- 
tion, 32:597, 1946. 
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Tasie IV 


Methionine Content of Certain Legumes 








Legume Methionine 

Per Cent 
eee Seis «kaw 0.85 
Stringless green pod snap beans......... 0.57 
ee eee 0.45 
Baby Fordhook lima beans............. 0.41 
Kentucky Wonder snap beans.......... 0.46 
King of the Garden lima beans......... 0.34 
1 RNER a ae e APaP e ee e 0.75 
Challenger Pole lima beans............ 0.34 
Sure Crop wax snap beans............. 0.42 
EIN a ooh Cais antec gene av-e-p'aidverenes 0.32 
ere 0.35 
Laxton’s Progress peas.......<sccccess 0.37 
NE BS oon. crore wa aioe wives: ase elo 0.37 
BE Oe eT eee 0.29 
Mammoth Luscious peas............... 0.29 





Data from W. C. Russell, M. W. Taylor, T. G. Mehrbof, and R. R. 
Hirsch, J. Nutrition, 32:313, 1946. 











TaBLe V 
Methionine Content of Purified Proteins as Determined 
Microbiologically 
Protein Methionine 
Per Cent 

EG RRS IS tear eae ee ah 2.9 
ee eS 3.2-2.5 
ENE 5.050 a ig (iad ew oe Woo HE wD 4.25 
TS Nek tle gona gue in BW pid win ete 2.6 
I ao 295 re, 9-4 atacelaite Seta eatin e-em 0.15 
EME La 15a a esaaaewieaseae 2.6 
a RA ER ee Senet 0.6-0.8 





Data from Chapter 12, M. Sahyun, Outline of the Amino ‘Acids and Pro- 
teins, Second Edition, Reinhold Publishing Corp., N.Y. (in press). 
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Tasie VI 


Methionine Content of Edible Portion of Meat 














Protein Methionine 

Per Cent 
RN EE EE Se ree ee 2.9 
chee on ee teualen® 2.2 
RN git Seah a gins eal aie Aan Noe 2.5 
| REIIRSEE Ate ae eae ene See re 2.4 
DED Nee Ce ae aaetsins wat eniwa san 2.4 
Ee ey OEE OEE eT rr rete 232 
RCT eons es, is nang ste ee 23 
SS | er 2.4 
Kidney (beef, pork, lamb)............. 2.1 
ECC AR ene Serene 2.1 
50 2 Sn clei aw dn cea hua eee 1.4 
MINE As ie diced pu gees oa we nin's 1.9 
SIN NII cs. a ice ge eldve's ema 3.2 





Data from Chapter 5, Proteins and Amino Acids in Nutrition, M. Sahyun, 
Ed., Reinhold Publishing Corp., N.Y., 1948. 














; Tasie VII 
Methionine Content of Proteins of Animal and Plant Origin 
Protein Methionine 

Per Cent 
DE” «ch cabins esends aus Maceo 0.8 
NR Ponti carlson lade eet ate pa was aire 2.2 
NNO och oooh Sok webs ues wees 0.7 
Mice t ib eucawe nee saebenes 2.9 
I ou Sa as wad eae eee ae bat 
ONE, Go oi sy 44s sks sasecnsaenes 3.0 
Insulin: (Cystine:12.9%)...........08- 0.0 
pO OR re ne ree 1.3 
NN, RED) ou cn cided oc bre oa wip mi Rael 0.6 
NIN che wierd ates Sw ears 2 ste aaa ke . . (Cystine :9.0%) 
ES ee ee ee ey re 3.5 
te IN i solve Chad Sweranis 3.6 
i ee ae ae 2.0 

: MN eo aes Seb we wasinn he sue 3.0 
I io (thas do: cite ksh awlaialo 3.2 
EA ire errr eerie ss 3.0 
I NE hicem.sis pinloy ad As a6 twee owe 2.3 
CINE oo o.ccaecayevasewaadecns 5.5 
Oe reer rrr rr ne 1.9 
PE, Ot acct are ton thks asian eee 0.6 
EE Sie ac eek aac reese eees ema ieee ” 
Se ee Pe eee ee 3.0 
ee OS Pree eee 23 
BEE sienk aad es en adeerndashaseee mene 2.3 
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TasLe VII—(continued) 








Protein Methionine 
Per Cent 
MR 555 oes cic adotios ke weer eae 2.0 
GEESE SRS Aaieeraer eon cere vert 3.0 
ES ar err cere eer te at ae ee 0.4 
ee eee eee 0.5-1.8 
A ee ee 2.0 
OS SORE ree te ore rere 2.4 
NEE cer, oon gs cte ala rane drkécaie care 2.0-3.0 
0 Ee I ee oe ee a oe eee 3.0 
EY os rates s ies cru ate po FOP RE Sree ous eo 
SE A rt aa e een are ee . . (Cystine: 15.9%) 
Ne Sig Fe rch sip uatbie aime ris. dae wre wie . . (Cystine :7.3%) 
RE Oe ES a Ee 2.8 
NN EN SI 5 ai iw ioraila cas ble ‘diavesinsmim 2.0 
Whole animal carcass................. 3.0 
re eh Miahe sane AE ew awa ae we 3.2 
A Stepan eer ene 3.4 
SRY Geese treet ace Meee eee or oe 
eS Sig as aise laua erat on arela% binvnee 2.4 
OE OED OE OIE OO 4.8 
ee 2.3 
ae at 0p aia otiorahctend os mee 1.7 
EEE nea ered Bart 1.6 
NN ig 0 5 Viyaa.d simageeseriswnn 0.9 
re Cree ee ree 2.0 
NT A icc ha Soe a Ni ce tales ola a wieiie or eit 3.4 
RENE AO intel Be ees ni ee ee pone 24 
Ss ordi gs No SEO) il te terele odie a ewes 3.0 
EE SE, Pee See oe a ee eee 2.0 





Data from The Amino Acid Composition of Proteins and Foods, Charles 
C. Thomas, Springfield, Ill., 1945. 
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RECENT RESEARCH ON PENICILLIN ACTION 
ROBERTSON PRATT AND JEAN DuUFRENOY? 









“Nature and works of art are not understood when completed. They 
must be studied during their creation if they are to be appreciated.” 


—Johann Wolfgang von Goethe. 








The chain of reactions previously proposed as a working hy- 
pothesis to explain the mode of action of penicillin (40, 158) 
has been substantiated by the work of other investigators during 
the year 1948, notably in respect to the loss of gram-positive- 
ness (69, 143), to the shift of the redox potential (20, 147, 175, 
187), and the blocking of dephosphorylation of ribonucleic 
acid complexes (69, 79-83). The purpose of this paper is to 
co-ordinate the results published by different workers and to 
discuss some of the clinical implications of recent research on 
penicillin. 













In the previous review (158) the term “penicillin” was used 
comprehensively to designate all compounds of the type, 
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irrespective of the character of the carboxylic (R) residue, 
which may be benzyl! (penicillin G), p-hydroxy-benzyl> (peni- 
cillin X), or aliphatic (penicillins F, dihydro F, and K). Since 
then several “new” penicillins have been discovered (34, 62, 
99, 182), but benzyl penicillin still remains the penicillin as : 
clinically used. For this reason, and because it is well recog- 
nized as Molitor (122) has pointed out that “Results obtained 

. with materials of varying purity are . . . comparable 
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only in the broadest, most general sense,” in this review as 
in the previous one the term “penicillin” will mean crystal- 
line salts of benzyl penicillin. 


DosaGE-RESPONSE CURVES 


That there is an optimal concentration of penicillin for 
bactericidal activity and that the efficiency of penicillin as a 
killing agent may be reduced as the concentration is raised 
above this level was recognized in 1946 when it was observed 
that “after 22 hours, more than twice as many bacteria were 
visible in the presence of 0.04 units (of penicillin) per c. cm. 
as in the presence of 0.03 units per c. cm.” (1). Subsequently 
similar demonstrations of an optimal concentration were pub- 
lished independently by other investigators (48, 50, 103, 155). 
Thus, in vitro experiments have shown that the dosage-response 
curve evidences not only an enhancing effect, the “biphasic 
action of penicillin” reported by Miller, Green, and Kitchen 
(120) subsequently confirmed many times (see previous re- 
view (158) ), but also a maximal depressing effect at the “op- 
timal” concentration and a lesser depressing effect at higher 
concentrations. 

In vivo evidence of enhancement of bacterial activity in the 
presence of sublethal concentrations is suggested by the work 
of Randall et al. (166) who reported greater fatality in mice 
infected with Eberthella typhosa and treated with low concen- 
trations of penicillin than in untreated infected controls, and 
by observations on the acceleration of development of tubercu- 
losis in guinea pigs treated with penicillin (169). 

Enhancing effect of sublethal concentrations—The enhanced 
growth evidenced by bacteria exposed to sublethal concentra- 
tions of penicillin may be ascribed to the action of penicillin 
per se, to degradation products of penicillin, or to the release 
of metabolites by some of the organisms affected by penicillin. 
It is difficult at the present time to evaluate the extent to which 
each of these factors contributes to the enhancing action. 

Nélis (134, 135), criticizing the work of Morin and Turcotte 
(124-126) on the sterilization of “vaccine emulsions” by means 
of penicillin, observed that more contaminant organisms could 
be plated from such material treated with penicillin and 
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penicillinase than from similar material untreated or treated 
with penicillinase alone. This suggests either that low concen- 
trations of penicillin, such as persist a while in the presence 
of penicillinase, stimulate the microérganisms, or alternatively 
that some molecular rearrangement or breakdown product of 
penicillin acts as a growth factor. 

Optimal inhibiting concentration.—It is becoming increas- 
ingly evident from the literature that the degree of bacterial 
inhibition produced by penicillin does not necessarily increase 
with increasing dosage. A longer time may be required to kill 
a given number of organisms at a high concentration than at 
a given lower one. This observation is true not only over the 
wide range of concentrations extending considerably below and 
above currently used therapeutic concentrations of penicillin 
(48, 50), but is equally evident from experiments with con- 
centrations within the therapeutic range (1, 45, 55, 114, 131, 
155). The idea that if a little penicillin is good therapeutically 
more will be better is true only over a limited range of concen- 
trations. This is readily explained, since it has been observed 
that “the highest degrees of lysis” (of Staphylococcus aureus) 
“occur in the weaker concentrations . . . and that in the strong 
concentrations lysis is very insignificant” (55). This is con- 
sistent with the observations made within the therapeutic range 
of concentrations. Pratt and Dufrenoy (155) showed that after 
18-20 hours cells of S. aureus were completely lysed in broth 
containing 0.01 unit penicillin per ml., although stainable cells 
were still evident in cultures similarly incubated with 0.001 
unit or 0.1 unit per ml. The absolute value of the optimal 
concentration may be altered by altering the environmental 
conditions. In the presence of 1 mg. CoCl, - 6H,O complete 
lysis occurred in broth containing 0.001 unit penicillin per ml. 
at a time when living cells were still present in broth contain- 
ing ten times as much penicillin (155). From this it appears 
that under a given set of conditions there is a certain concen- 
tration of penicillin which will promote most rapid lysis, and 
consequently most rapid release of endogenous enzymes able 
to promote proteolytic activity in the medium. Thus, as dis- 
cussed in more detail below, Gorini and Torriani (77) showed 
there is for each strain of test organism they studied a con- 
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centration of penicillin which promotes more rapid release of 
proteolytic enzymes to the substrate than do lower or higher 
concentrations. 

The concept of an optimal concentration at which maximal 
effect is obtained is now recognized not only for penicillin but 
also for other antimicrobial agents (8, 9, 13, 116, 203, 206). 
This phenomenon had been observed and was considered a 
“general law” by Richet (168) as early as 1906 from his ob- 
servations on the influence of cobalt on lactic acid fermenta- 
tion. A similar phenomenon has been reported recently from 
studies of the effect of copper on marine organisms (149). 

The existence of an optimal concentration at which a maxi- 


_ mal response is obtained cam be observed not only as an over-all 


effect on the growth or survival of microérganisms, but also in 
studies of isolated enzyme systems. Natarajan and De (131) 
reported that “penicillin in the maximal concentrations that 
can be produced in tissues does not significantly inhibit bone 
phosphatase. On the other hand, a marked inhibiting action is 
noticed with lower concentrations of penicillin.” Their data, 
covering the range from 0 to 1 unit per ml., provide evidence 
of a maximal inhibition of the activity of an isolated enzyme 
at an optimal dosage. 


EFFECT OF PENICILLIN ON ENZYME SYSTEMS 


It is becoming increasingly evident that the metabolism of 
ribose- and desoxyribose-nucleic acid complexes is as important 
in the cells of bacteria as in those of higher plants and animals, 
and it seems probable that the sensitiveness of microérganisms 
to penicillin is correlated in some measure with the prevalence 
of magnesium ribonucleate which is recognized as an essential 
part of the gram-positive complex (90). The view that peni- 
cillin interferes with metabolism of ribose but not of desoxy- 
ribose complexes has been postulated independently by dif- 
ferent authors (102, 158), and more recently experimental 
confirmation of this hypothesis has been published. 

Gale (69) observed that ‘“Dufrenoy and Pratt have recently 
shown that when Staph. aureus is grown in bacteriostatic con- 
centrations of penicillin, then the cells gradually lose their 
gram-positiveness and eventually become gram-negative. If 
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there is an actual disorganization of the nucleotide complex, tt 
should be possible to detect some alteration of the ribonucleic 
acid/desoxyribonucleic acid ratio under the influence of peni- 
cillin.” He then proceeded to show by careful experimental 
work that the ratio, ribonucleic P/desoxyribonucleic P, in 
S. aureus decreased from 8.8 to 5.55 during a period of exposure 
to penicillin. Since the value in an untreated, gram-negative, 
resistant organism was 2.7, he concluded that “The action of 
penicillin on the gram-positive organism has thus had the 
effect of altering its nucleic acid composition in the direction 
of the gram-negative organism.” 

Vendrely et al. (200) similarly recorded that cultures of 
S. aureus contained 10.3 per cent ribonucleic acid in the absence 
of penicillin and only 5.3 per cent in the presence of sublethal 
concentrations of penicillin, while the content of desoxyribo- 
nucleic acid remained unchanged at about 1.7 per cent. These 
and other authors (14, 15, 42, 195-197, 199, 200) have used 
desoxyribonuclease and ribonuclease of various origins to in- 
vestigate the effect of penicillin and other antibiotics on the 
metabolism of the nucleic acids or of their ribose and phosphate 
components. These experiments are discussed below in connec- 
tion with the various enzymatic systems involved. 

Mononucleotidases.—The normal chain of events in the 
degradation of nucleic acid complexes in living cells has been 
visualized (190) as proceeding in three major steps involving 
depolymerization of the nucleic acid macromolecule to tetra- 
nucleotide units which are hydrolyzed to monocleotides, which 
in turn are dephosphorylated with consequent release of bases, 
a sugar, and phosphoric acid. This concept, modified after 
Tipson (190), is schematized in figure 1. 

Evidence from cytochemical studies on assay plates seeded 
with S. aureus, Bacillus subtilis, or Proteus vulgaris indicates 
that penicillin does not interfere with the activity of ribo- 
nuclease (42), a fact which points to the non-interference of 
penicillin with the depolymerization of the nucleic acid macro- 
molecule (step I in figure 1). In these experiments agar plates 
seeded with the different organisms were incubated two hours 
in the case of B. subtilis and P. vulgaris and three hours in the 
case of S. aureus to permit the organisms to reach the loga- 
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rithmic phase of growth. Then they were reincubated for two 
to three hours during which time solutions of penicillin, of 
ribonuclease, or of penicillin plus ribonuclease were permitted 
to diffuse from central cylinders. When Pappenheim’s stain, 
which may be used to discriminate between ribo- and desoxy- 
ribonucleic acid derivatives, was applied to the plates, the in- 
hibition zones were revealed in all cases as areas in which the 
organisms had been stripped of their basophilic constituents 
(ribonucleic acid macromolecules), while each zone was sur- 
rounded by a ring in which the organisms exhibited marked 
basophilia. It is noteworthy that while penicillin may block 
only the dephosphorylation step in nucleic acid metabolism, 
streptomycin (32, 79, 111, 114, 117) joins with the nucleic 
acid macromolecule to form a complex that is resistant to 
depolymerization and hydrolysis. This is indicated in figure 1. 
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Fic. 1. Schematic representation of the major steps involved in degra- 
dation of nucleic acid complexes. Redrawn, modified slightly, after Tipson 
(190). 

To study further blocking of catabolism of mononucleotides 
by penicillin at the minimal inhibitory concentrations, such as 
are operative at the margin of the inhibition zones, we flooded 
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assay plates with a solution prepared by grinding 1 gram of 
trypan blue with 5 grams of carbolic acid and dissolving the 
powder in a mixture containing 90 ml. of 95 per cent alcohol 
and 10 ml. of glacial acetic acid according to the method of 
Langeron and Luteraan (106). Plates so treated acquire a blue 
color. After exhaustive lixivation with a hydroalcoholic solu- 
tion of Orange G (1 gram per liter) the blue dye is retained 
only in a narrow ring that comprises the innermost portions 
of the areas of enhanced growth and, predominantly, the outer- 
most regions of the zones of inhibition (156). The location of 
this ring can be made more evident by double staining, that 
is by treating the plates first with a solution of triphenyltetra- 
zolium chloride which, when properly used, specifically stains 
the ring of enhanced growth a vivid red (156, 159), and then 
with trypan blue which reveals in blue the sites that are 
stippled in figure 2. Macroscopically, the areas of double stain- 
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Fic. 2. Schematized diagrammatic representation of staining reaction in 
and near an inhibition zone on a penicillin assay plate seeded with Staphy- 
lococcus aureus treated with trypan blue and triphenyltetrazolium chloride. 
Cross-hatching represents reduction of tripheny! tetrazolium chloride to red 
formazan: stippling and solid black represent staining. with trypan blue. 
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ing (regions of enhanced growth) appear purplish. Microscopic 
examination of the regions of enhanced growth shows that 
these areas are densely populated with red colonies on the 
unstained agar. Within some cells are blue inclusions which 
stand out in sharp contrast against the general red background 
of the colony as a whole. This is shown schematically in figure 
2. In this figure the terms “chains,” “diplococcus,” and “plates” 
refer to previously described morphological changes induced 
in cells under the influence of penicillin (153, 155). In the 
diagrams of figure 3 the zone of stimulation is characterized by 
a hump, since it comprises lower layers of cells showing ab- 
normal accumulation of trypan blue-staining material (see 
upper row of figure 2) and upper layers of cells, still under 
the stimulatory influence of subbacteriostatic concentrations of 
penicillin. These cells are still rich in basophilic material, are 
hyper-reactive, and evidence maximal response for dehydro- 
genase and phosphotase activity (triphenyltetrazolium chloride 
and triphenolphthalein phosphate reagents, respectively ). These 
cells pile up on top of the other cells and are appreciably ele- 
vated above the general surface of the agar substratum. It 
seems significant that, as has been shown (156), the areas in 
which excessive accumulation of trypan blue occurs most 
prominently (i.e., in the outermost regions of inhibition zones) 
coincide with the areas in which dehydrogenase and alkaline 
phosphatase activity are blocked (43), in which Pappenheim’s 
stain fails to reveal basophilic materials, and in which the 
phosphomolybdic reagent fails to reveal free prosphate (154). 
Thus accumulation of trypan blue-staining material is con- 
comitant and coincident with disappearance of ribonucleic acid 
macromolecules (basophilic materials) without release of free 
phosphate, and with inhibition of alkaline phosphatase. These 
are the effects that would be expected to result from blocking 
of step III in figure 1, a conclusion reached independently by 
Macheboeuf (114). 

The following observations seem of further significance in 
this connection: 

(1) von Euler (57) has neatly demonstrated a relation be- 


tween oxidation-reduction and phosphorylation in Jansen’s 
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Fic. 3. Diagrammatic summary of response to staining tests for specific 
active groups in different areas of a seeded agar plate exposed to penicillin 
diffusing from a central reservoir and of the accompanying morphological 
and staining characteristics on such a plate seeded with S. aureus. The 
hump in the region of stimulation is caused by active proliferation of 
colonies that tend to crowd the surface of the agar. 
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sarcoma where maintenance of the necessary low oxidation- 
reduction potential depends on dephosphorylation of ribonu- 
cleotides; 

(2) Montalente and Nicola have shown recently that alka- 
line phosphatases are inhibited by agents that block -—SH 
groups (123); ‘ 

(3) the ring of enhanced growth on assay plates seeded 
with S. aureus or Escherichia coli is the site of maximal re- 
sponse for both dehydrogenase and alkaline phosphatase ac- 
tivity (43); 

(4) we have found (unpublished experiments) that the re- 
sponse for both enzymes disappears under the influence of 
p-chloromercuribenzoate (M/5000) or mapharsen (M/100), 
agents recognized to block the activity of -SH groups (12, 76, 
139, 178). 


These facts suggest that in S. aureus and E. coli, as in the 
tissues investigated by von Euler, there exists a relation be- 
tween oxidation-reduction and phosphorylation, and that in 
the test organisms the normal relationship is upset in the 
presence of bacteriostatic concentrations of penicillin. 

The development of inclusions retaining trypan blue is 
evident in E. coli after one hour of incubation in the presence 
of 300 units penicillin per ml. E. coli elongates into threads 
several hundred micra long, and then forms terminal swellings 
reaching 10 micra in diameter. These have been described by 
various authors (16, 39, 45, 105, 109, 154, 155, 173, 174, 194). 
Similar morphological changes have been recorded for Myco- 
bacterium phlei (772) and for various gram-negative organisms 
exposed to appropriate sublethal concentrations of penicillin 
(37, 105, 140, 181a). This is in agreement with the earlier 
observation (154) that penicillin may affect gram-positive and 
gram-negative organisms through the same fundamental chem- 
ical systems although the threshold concentration required to 
induce a given effect may vary widely, and in general, is much 
higher for the gram-negatives than for the sensitive gram- 
positives. 

Experimentally we have been able to induce formation of 
trypan blue-staining swellings in gram-negative organisms 
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(E. coli, P. vulgaris, Pseudomonas fluorescens) exposed to var- 
ious antibiotics (penicillin, bacitracin, polymyxin) at concen- 
trations which inhibit division but permit elongation to pro- 
ceed, for a while at least. 

Other chemical or physical treatments may induce similar 
effects. We have observed that if cells of E. coli are heated for 
20 minutes at 56 C., a temperature which has been found to 
be critical for mononucleotidase in wheat embryos (17), upon 
subsequent incubation at 37 C. the cells fail to divide, but 
elongate into filamentous strands that bear numerous swell- 
ings which are readily stained with trypan blue. We have 
observed that a similar response is evidenced by cells exposed 
to vitamin K, (2-methyl-4-amino-1-naphthol hydrochloride) 
during the course of normal incubation. Thus our own staining 
experiments with bacteria grown on assay plates and in broth, 
as well as the biochemical analyses by Macheboeuf (114) sug- 
gest that blocking of mononucleatidase activity with a conse- 
quent accumulation of mononucleotides is not a special privi- 
lege of penicillin. The mononucleatidases are sensitive to 
different chemical or physical treatments. The feature of peni- 
cillin that is specific and unique is its ability to block mono- 
nucleotidases in certain microérganisms at concentrations far 
below those that affect the enzymatic activity of the host 
tissues. 

The foregoing discussion enables one to interpret more sig- 
nificantly the observations of Yanagita (211) who reported 
that when suspensions of S. aureus were exposed to a given 
concentration of penicillin (0.2 units per ml.), the rate of lysis 
increased up to a temperature of 47 C. but that lysis was 
inhibited at slightly higher temperatures and blocked allto- 
gether at 52 C. This observation is consistent on one hand 
with the proposed inhibiting effects of penicillin on mononu- 
cleotidase and on the other hand with the thermal lability of 
polynucleotidase which, as studied in wheat, is inactivated at 
about 48 C. (17). At 49 C. mononucleatidase may still be 
active in the absence of penicillin, but in the presence of bac- 
teriostatic concentrations would be blocked. At temperatures 
above 52 C. both enzymes would be inhibited (17) so that 
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penicillin would not be expected to exhibit any specific anti- 
bacterial action. 

The results of studies on nucleic acid metabolism of bacteria 
exposed to penicillin suggest that its action is effected largely 
through a blocking of reactions involving energy-rich phos- 
phate bonds on which absorption of solutes, and notably of 
glutamic acid, from the substrate is known to depend (114). 
The inhibition of glutamic acid intake (67-72) by gram- 
positive microérganisms under the influence of penicillin has 
been ascribed by Macheboeuf (114) to the inability of the 
organism to secure the energy required for absorption when 
blocking of mononucleatide metabolism involved in coenzyme 
activity deprives the cells of the necessary energy-rich phos- 
phate bonds. Indeed, organisms that are resistant to penicillin 
are those which, being able to synthesize glutamic acid, do not 
depend on an external source, and training to increased peni- 
cillin resistance is accompanied by decreasing ability to con- 
centrate free glutamic acid in the internal environment and 
conversely by development of ability to synthesize all the re- 
quired amino acids (69-70). If it is granted that “Bacteria 
show in their biochemical evolution a tendency towards states 
of minimum metabolism through an increasing saving of chemi- 
cal reactions” (198), sensitiveness to penicillin would charac- 
terize more highly evolved forms and development of . peni- 
cillin-fastness would represent regressive evolution towards a 
more primitive biochemical form less exacting in nutritional 
requirements. This view is supported by the general laboratory 
observation that bacteria manifesting artificially-induced peni- 
cillin resistance often appear to be less pathogenic than the 
parent strain, although exceptions have been noted (56). It 
should be noted in passing, that in bacteria development of 
resistance to one antibiotic does not endow the organism with 
resistance to other antibiotics also. Thus in bacteria, resistance 
to penicillin, to streptomycin, and to sulfonamides generally 
develops independently (107, 183), although “at high levels 
of resistance to penicillin and streptomycin slight cross re- 
sistance to these antibiotics could be demonstrated” (101). 

Peptidases.—It seems clear from the work of Gorini and 
Toriani (77) that penicillin probably exerts no direct effect 
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on the activity of peptidases per se but that it may nonetheless 
exert a pronounced indirect effect on the proteolytic activity 
of cultures of S. aureus and species of proteolyticc lactococci. 
S. aureus, which normally retains peptidases within the cells, 
releases these endo-enzymes into the medium when under the 
influence of suitable concentrations of penicillin (77). Thus 
a cell-free filtrate of culture medium in which S. aureus has 
been exposed to bacteriostatic or bacteriolytic concentrations 
of penicillin exhibits marked hydrolytic activity towards di- 
and tri-peptides such as /-leucylglycine or leucylglycylglycine. 
It should be emphasized that penicillin promotes liberation of 
peptidase from cells of cultures in the logarithmic phase of 
growth but not from older cells and that it seems to exert no 
effect on the activity of the peptidase per se (77). Toriani 
(191) studied lactococci which hydrolize casein in acid media 
and observed that these could be used as test organisms on 
penicillin assay plates when milk was incorporated in the agar 
substrate. The substrate which was opaque from the presence 
of milk gradually became translucent as caseim was hydrolyzed 
by the activity of the uninhibited organisms. This revealed the 
zones of inhibition as opaque circles representing the zones 
of diffusion of bacteriostatic concentrations of penicillin. Around , 
each of these “zones when bacteriostasis obtained, there was 
a transparent halo in which maximum proteolysis had occurred. 
This affords another confirmation of the concept that for any 
organism there is an optimum concentration at which lysis 
proceeds more rapidly than at higher or lower concentrations. 

The increased proteolytic activity of a culture medium in 
which cells of S. aureus or lactococci have been exposed to 
bacteriostatic concentrations of penicillin may be related to 
a change in the oxidation state of sulfhydryl-bearing proteins. 
As early as 1937 Martinson et al. (115a) showed that a shift 
from reduced to oxidized glutathione favored proteolysis and 3 
tended to inhibit proteogenesis. Recently this was confirmed, 
in part at least, by the observation that to be active in gluta- 
mine synthesis adenosine triphosphate system must include 
cysteine (53, 54). 

Glycolysis.—Inhibition of glycolysis, as evidenced by inhi- 
bition of lactic acid formation and curdling of milk by thermo- 
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philic bacteria makes possible rapid (3 hour) assays for peni- 
cillin or streptomycin. Sanchez and Lamensans (170) de- 
scribed such a method using a strain of Lactobacillus bulgaricus 
which grows very rapidly at 45 C., a temperature at which 
there is practically no risk of contamination by common micro- 
organisms. This probably is not due to a direct effect of the 
antibiotics on glycolysis per se, but is merely a manifestation 
of the inhibition of growth and other metabolic reactions of the 
organisms. 


Oxidases and dehydrogenases.—Regions of bacterial inhibi- 
tion on penicillin assay plates are sharply delimited from the 
immediately circumjacent regions (where stimulatory concen- 
trations of penicillin obtain) by an excessive accumulation of 
mononucleotides and correlative deficiency of phosphate at the 
periphery of the zone of inhibition; by suppression of alkaline 
phosphatase activity (triphenolphthalein phosphate reagent), 
of dehydrogenase .activity (2,3,5-triphenyltetrazolium chloride 
test), and of -SH groups; and by an increase in indophenoloxi- 
dase activity (Thydi reagent). See figure 3. 


The formation of Prussian blue, the hydrogenation of tri- 
phenyltetrazolium chloride, and the reduction of 2—6 dichloro- 
phenol indophenol normally are most rapid in the ring of 
enhanced growth around the inhibition zones. These reac- 
tions are inhibited by pretreatment of plates for 5 minutes with 
M/5900 solution of p-chloromercuribenzoate? which is known 
to be specific for blocking -SH groups of sulphur-bearing pep- 
tides (139). Similar results may be obtained through the use 
of p-hydroxy mercuri-vanillate’. 

The sulfhydryl groups to which may ultimately be ascribed 
the reducing activity in the ring of enhanced growth show the 
degree of reactivity towards different reagents (75) to be ex- 
pected for -SH groups such as occur in glutathione (157). For 
example, the reducing activity of these groups is not suppressed 
by treatment for 10 minutes with acetone but is suppressed 
following treatment for 10 minutes with a 10 per cent solution 

“These organic mercurial compounds were kindly supplied by Dr. H. S. 


Olcott, Western Regional Laboratory, Albany, California, and by D. A. I. 
Pearl, Institute of Paper Chemistry, Appleton, Wisconsin. 
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of formaldehyde in saturated sodium bicarbonate or by ex- 
posure for 10 minutes to a 10 per cent solution of any suitable 
bromoacetate at pH 7.5 at 40 C. Similar results were obtained 
following exposure for 1 hour to a solution of mapharsen 
(100 p. p.m.) at 38 C. which has been reported to block -SH 
groups (177, 178). In this connection, it should be emphasized 
that we do not postulate “a penicillin reaction with sulfhydryl 
groups,” as has been implied recently (6), but an effect of 
penicillin on dehydrogenating systems so that the dehydro- 
genation of —SH groups proceeds more rapidly in the presence 
of penicillin, and in fact so rapidly that the cells are no longer 
able to maintain the redox potential required for normal, active 
metabolism. 

It should be emphasized also that interpretation of our results, 
obtained by applying redox indicators to assay plates, as indi- 
cating the importance of sulfur-bearing peptides in the ring of 
enhanced growth is consistent with physical-chemical measure- 
ments of the redox potentials of a number of such compounds. 
It has been reported that S. aureus normally maintains an 
oxidation reduction potential of about + 60 millivolts at pH 7 
(147). It is well known that compounds having an E,’ above 
that at which the aerobic cell operates are reduced in the 
presence of the actively metabolizing cell; and that in the 
biological range of pH, the higher the E,’ above that of the 
cell, the more rapidly does reduction proceed. Thus one might 
anticipate that dyes which have an appropriate E,’ above that 
of the uninhibited aerobic microérganism will be converted 
from the colored oxidized form to the corresponding leuco 
derivative by uninhibited cells but not by cells the metabolism’ 
of which has been inhibited, and that, therefore, such dyes 
could be used to differentiate inhibition zones from uninhibited 
areas on penicillin assay plates, since they would retain their 
color (oxidized) in the inhibition zone but would be reduced 
to the leuco derivatives elsewhere on the plate. It is pertinent 
that the inhibition zones, regions in which reduction is mini- 
mum or does not occur, and the circumscribing ring of en- 
hanced growth, regions where reduction is very pronounced, 
are defined sharply on assay plates at pH 6.8 by toluylene 
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blue, faintly by thionine, but not at all by cresyl blue, indi- 
cators whose E,’ at pH 7 are, respectively, 115, 63, and 47 
millivolts (188). These values are, respectively, well above, 
approximately equal to, and well below the value of + 60 milli- 
volts which has been reported for S. aureus (147). It should 
be made clear that in these instances we refer to conversion 
of the oxidized (colored) form of the dye to the reduced 
(leuco) form in the ring of enhanced growth. Redox indi- 
cators which may be converted from colored to leuco forms, 
or those like Janus green which show a change in color at 
different redox levels, have been used for performing rapid 
assays of penicillin, and in some cases for streptomycin, using 
either aerobes or anaerobes as test organisms (162—164, 167). 

Of course other indicators, even some operating at lower E,,’ 
values, may be employed to “develop” plates (152), but in 
such cases the response depends not on contrast between leuco 
and colored forms, but on differential adsorption evidenced by 
the contrast between metachromatic and orthochromatic stain- 
ing at sites of varying degrees of bacteriostasis and bacteriolysis. 
Alternatively, appropriately charged particles (44) or appro- 
priate pH indicators may also be used for rapid assays (127, 
171, 186). 

It seems significant that spermatozoa exposed to penicillin 
at incubator temperature or taken from normal healthy ‘bulls 
previously injected with penicillin lose the ability to reduce 
methylene blue to the leuco derivative and evidence other 
chemical and morphological aberrations similar to those dis- 
played by penicillin-affected bacteria (88, 89), although sper- 
matozoa for artificial breeding are still viable after storage 
in the presence of penicillin at refrigerator temperatures for 
approximately three weeks (2, 61). 


INTERRELATIONSHIP OF PENICILLIN AND OTHER COMPOUNDS 


Antagonistic effects of "SH compounds.—It has been recog- 
nized for some time that cysteine and other sulfhydryl-bearing 
compounds tend to diminish or ‘to nullify the antibacterial 
action of penicillin and certain other antibiotics. 

Several investigators (24, 26, 28, 91, 93, 128, 176) have 
visualized such inactivation in terms of chemical inactivation 
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in a stoichiometric relation. It seems important, however, to 
discriminate between results that are obtained with high con- 
centrations of reactants im vitro and those observed in organisms 
exposed to concentrations of the order of magnitude commonly 
encountered clinically. In this connection we proposed that 
the effect could be reasonably interpreted in terms of biological 
oxidation-reduction reactions (158). It was suggested that peni- 
cillin tends to favor dehydrogenation of -SH to S-S more 
rapidly than the organism can restore active -SH groups and 
that addition of suitable sulfhydryl compounds may merely 
serve to provide a reservoir of the essential -SH groups so that 
the organisms can withstand the dehydrogenating effects of 
penicillin longer. The importance of stereochemical configura- 
tions was stressed. Recent work has confirmed the earlier ob- 
servations and re-emphasized the importance of stereochemical 
relationships (5, 19a, 25, 27, 46, 132, 133, 144, 157, 205, 209). 
This may be taken as one example of a more general phe- 
nomenon related to the antibacterial activity of d-amino acids 
(63-64). 

Potentiation of penicillin—-Among compounds which have 
been reported as enhancing penicillin efficiency some, such as 
organic mercurials, are known to react directly with -SH 
groups; others, such as cobaltous salts and vitamin K,, may 
affect the release of H from —SH groups either by intervening 
as H transfer agents or as O, activators; or in other words, by 
shifting some oxidation-reduction systems away from the levels 
where they operate in the normally metabolizing organisms. 
Other co-acting agents, such as ribonuclease, cobra venom, 
bacteriophage, and tyrothricin appear to affect the rate at 
which test organisms undergo lysis, and the rate at which the 
products of lysis are metabolized by survivors in the popula- 
tion. Penicillin exerts its antibacterial action on susceptible 
bacteria, in part at least, by depriving the organism of essential 
-SH groups. It might be surmised, therefore, that any agent 
capable of inducing dehydrogenation of —SH or of favoring 


formation of complexes with —SH groups would lower the 


minimal effective concentration of penicillin. This assumption 
is supported by the results of recent research discussed below. 
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Appropriate concentrations of mapharsen, 2-amino-4-arseno- 
phenol (47, 207, 208) markedly lower the amount of penicillin 
required for inhibition of microérganisms. Clinical evidence 
(47) of the synergistic effect of penicillin and mapharsen in 
experimental syphilis is of great theoretical interest since tryp- 
anosomes depend for their metabolism on the availability of 
—SH groups, and their relative sensitiveness to drugs or anti- 
biotics is known to be correlated with the relative affinity of 
the drug for -SH and S-S groups, respectively (84), amd since 
mapharsen specifically blocks compounds involving —SH groups 
(178). 

Arsenious acid compounds were recognized as early as 1934 
to inhibit -SH groups without interfering with the Warburg- 
Keilin respiratory cycle and to thus afford a valuable tool for 
demonstrating the action of glutathione in biological studies 
(113). It is interesting to observe, as noted above, that maphar- 
sen may be demonstrated to inhibit the reducing activity of 
—SH groups in the ring of enhanced growth around inhibition 
zones on assay plates. 

Other agents of diverse chemical types have been reported 
to markedly enhance the activity of penicillin. Among these 
are ascorbic acid (66, 97, 180); sodium azide (38); vitamin 
K,, 2-methyl-4-amino-1-naphthol hydrochloride (160); cobalt 
(161, 185); bacteriophage (103, 137), and various dyes (175). 
The varied nature of these compounds makes it difficult to 
propose a unified mechanism of action. Indeed, it seems prob- 
able that they may bring about the same end result by varied 
means. 

Ascorbic and dehydroascorbic acid enter into oxidation- 
reduction systems poised at about + 65 millivolts (59) while 
methylene blue which has also been reported to potentiate 
penicillin action (175) and its leuco-derivative comprise a sys- 
tem poised at about + 17 millivolts (59). We have found that 
dithiobiuret also enhances the action of penicillin in vitro. 
Interpolations from the data of Preisler and Bateman (161a) 
suggest that the oxidation-reduction system that dithiobiuret 
forms with 3,5 diimino-1,2,4 dithiazoline operates at about the 
same level as the methylene blue-leuco system at pH 5.0 or 
above. Observations in our own laboratory have confirmed 
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the validity of this assumption. It will be noted that these 
three systems operate at redox potentials intermediate between 
value of — 390 millivolts at which glutathione may be assumed 
to act as an hydrogen donor in an aerobic environment (59) 
and approximately + 65 millivolts at which level such dyes 
as thionine or toluylene blue may serve as hydrogen acceptors 
in normal cells under aerobic conditions such as prevail on 
assay plates. Therefore, it may be postulated that redox sys- 
tems which potentiate the action of penicillin act by mediating 
the transfer of hydrogen from sulfhydryl-containing proteins 
to hydrogen acceptors in the aerobic cell. 

The previous paragraphs were concerned with compounds 
which can mediate transfer of hydrogen. It is now in order 
to discuss compounds which may be surmised to affect activa- 
tion of hydrogen acceptors. 

Strains of S. aureus capable of producing penicillinase may 
be rendered approximately fifteen times more susceptible to 
penicillin by addition of 0.02 per cent sodium azide while 
staphylococci incapable of producing the enzyme, “if affected 
at all became at most four times as sensitive as the controls” 
(38). Since destruction of penicillin by sterile preparations of 
penicillinase proceeded at the same rate, regardless of the 
presence or absence of sodium azide, it was concluded that 
penicillin was destroyed less rapidly in cultures containing 
sodium azide because the latter compound inhibited produc- 
tion of the enzyme (38). This conclusion appears logical in 
view of the experimental observations, and of the more recent 
reports on the impeding action of sodium azide in cellular 
metabolism, notably in relation to such fundamental phe- 
nomena as phosphorylation (3,4) and the ferro ~-—> ferricyto- 
chrome c equilibrium (92, 210). Likewise, potentiation of 
penicillin action obtains with vitamin K, (160), an analogue 
of the naphthoquinones which have been shown recently to 
interfere with the hematin compound mediating reduction of 
cytochrome c by cytochrome b (7, 145, 177). 

The ability of small amounts of cobalt, not antibacterial 
per se, to markedly enhance the effectiveness of penicillin in 
vitro (154, 155, 185) and in vivo (161) takes on added sig- 
nificance in the light of recent research showing that cobalt 
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may enter into complexes active in oxygen transfer (21), and 
that cobalt in a concentration of M/1000 acts as a specific 
activator of aminopolypeptidases (118, 119, 151). The role of 
cobalt must be evaluated in terms of its relation to various 
enzymatic systems involved in hydrogen and in phosphate 
transfer, in the formation of peptide linkages, and in the com- 
position of such important complexes as vitamin B,, (108, 181). 
To fulfill its function of coenzyme in the cell, glutathione must 
generally be in the reduced state (GHS), since the presence of 
—SH groups is necessary for the activity of various enzymes. 
The presence of heavy metals has been shown to markedly 
accelerate the oxidation of reduced glutathione (212). Of equal 
importance may be the ability of cobalt to catalyze enzymatic 
esterification of glucose-1-phosphoric acid (33) and the role of 
cobalt as a coenzyme in the activity of arginase (87), of phos- 
phatase (29-31), and of aminopolypeptidase and of dipeptidases 
(23, 151). Merten et al. (118, 119) studied the /- and d-dipep- 
tidases in the cellular fractions of blood using as substrates 
leucylglycine (LG), alanylglycine (AG), and glycylalanine, 
adding Mn to Co where needed. In healthy animals d-AG and 
d-LG were not hydrolyzed in the absence of Co, but were 
hydrolyzed in its presence. Injection of foreign proteins or 
release of endogenous proteins into the blood stream did not 
increase dipeptidase activity in the absence of Co, but induced 
increase hydrolysis in its presence. Perhaps a significant corre- 
lation can be derived from the facts that (I) cobalt in a low 
concentration (M/1000) enhances the activity of amino- 
polypeptidases but inhibits that of dipeptidases (151), and (II) 
that culture broth containing 0.2 unit penicillin per ml. and 
seeded with S. aureus yields after 72 hours of incubation a fil- 
trate having greater hydrolytic activity towards polypeptides but 
less activity towards dipeptides than filtrates from the control 
incubated without penicillin (77). It may be that the similarity 
of independent action on the one hand, and the favorable inter- 
action of appropriate concentrations of cobalt and penicillin 
on the other hand reflect some common fundamental effect on 
the mechanisms involved in establishing and maintaining 
oxidation-reduction equilibria in the cell. 
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In view of the widespread interest awakened by our re- 
ports (161, 185) on the enhancing action of cobalt chloride 
(4 10—-*M) on the effectiveness of penicillin toward S. aureus, 
and even more notably toward gram-negatives reputed to be 
fairly resistant to penicillin, we wish to make clear the follow- 
ing points which various commentators overlooked or misin- 
terpreted. The effect still obtains when the test organisms have 
been previously exposed to cobalt and then rinsed before the 
penicillin is applied (figure 4). Therefore, it would seem illogi- 
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Fic. 4. Diameters of zones of inhibition (ordinates) corresponding to 
different concentrations of penicillin (abscissas) on test plates seeded with 
Staphylococcus aureus and flooded with a solution containing 1 mg 
CoCl - 6H:.0 per L for different lengths of time before addition of penicillin. 
Preincubation period was three hours for all cultures. Secondary incubation 
period (with penicillin) was three hours for controls, two hours for all 
others, since these were the minimum times after which zones could be 
detected on the control plates and cobalt-treated plates, respectively. 
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cal to assume that “Cobalt may act as a synergist toward a 
penicillin reaction with sulfhydryl groups” (6). The explana- 
tion of the specific activity of cobalt in sensitizing test organ- 
isms to penicillin may be sought rather in the known bio- 
chemical properties of cobalt as an “effector” (151) of en- 
zymatic systems. The ability of cobalt to form complexes with 
cysteine may also be important in this connection (86a). 


Among other substances reported to enhance the effective- 
ness of penicillin we should cite magnesium (65), a constituent 
of the gram-positive complex apparently involved in the ability 
of penicillin-sensitive organisms to absorb glutamic acid (69), 
bismuth (22a), and dyes of the triphenylmethane series (65, 
193) which inhibit “a form of metabolism . . . which prob- 
ably involves as the first stage a phosphorylation” (69) in 
gram-positive and gram-negative organisms, and which were 
reported in 1904 to cause morphological aberrations in gram- 
negative rods (202). 

Although the discussion of agents that modify the effective- 
ness of penicillin has been focussed on biochemical phenomena, 
the possibility of physical action should not be overlooked. 


Panijel (143) observed that cells of S. aureus exposed to 
penicillin or desoxycholate lose their gram-positiveness, thus 
confirming our earlier observation (41) as well as a later 
report (101). He stressed that loss of the gram-staining reaction 
could not be attributed to detergent activity, a conclusion fully 
substantiated by careful measurements in this laboratory which 
have shown that potassium or sodium benzyl penicillinate 
(1600 units per mg.) in water form true solutions the surface 
tension of which is not significantly different from that of pure 
water (78, 104), contrary claims notwithstanding (85, 86). 
Confirmatory evidence is furnished by the “efficacy of penicillin 
iontophoresis in treatment of chancroidal ulcers” (148). 

However, the action of penicillin may be potentiated in the 
presence of detergents (100, 193), which might be expected to 
facilitate unfolding of -SH bearing molecules and consequent 
exposure of sulfhydryl groups normally more or less protected 
from the dehydrogenating effect of penicillin. Although the 
precise mechanism of the antibacterial action of tyrothricin and 
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its components, tyrocidin and gramicidin, is still somewhat con- 
troversial, it is generally agreed that they do possess some sur- 
face activity. This may account, in part at least, for the poten- 
tiation of penicillin action in the presence of these antibiotics 
(60, 114). It should be noted in passing, however, that surface 
activity alone probably is not responsible for the antibiotic 
activity of tyrothricin in the absence of penicillin. 

Whereas penicillin and streptomycin inhibit some phases 
of nucleic acid catabolism, tyrocidin speeds up lysis of bacteria 
(69, 94, 95, 121) and favors the dissolution into the medium 
of P and N constituents of the bacterial cells (69, 94, 95). 
Tyrothricin does not inhibit nucleic acid catabolism, but blocks 
the accumulation of ATP and, through the activity of the 
tyrocidin fraction also blocks the oxidation-reduction systems 
intervening in dehydrogenation of alanine, of glucose, and of 
pyruvic acid derivatives (82, 114). The possible importance 
of lytic products from cells of S. aureus affected by penicillin 
in promoting the lysis of more resistant cells in the culture is 
suggested by the increased effectiveness of penicillin in the 
presence of bacteriophage, the combined lytic action of peni- 
cillin and phage being greater than would be anticipated from 
their independent actions (22a, 52, 137, 138, 179). In a sus- 
pension of S. aureus containing 0.5 billion cells per ml., addition 
of one drop of a phage preparation per ml. initiated lysis in 
20 minutes and completed it in 40 minutes in the presence of 
0.125 unit penicillin per ml. In the absence of penicillin two 
drops of phage were required to accomplish the same result, 
or with one drop of phage twice as long (137, 138). A some- 
what similar conclusion may be reached from the work of 
Stamatin et al. who studied the toxicity to young cultures of 
Pasturella avicida of lysates obtained from cells affected by 
penicillin (184). 

Streptomycin and bacitracin are other antibiotics that have 
been reported to enhance the action of penicillin (18, 19, 49). 
The favorable interaction of penicillin and streptomycin can 
be readily understood in terms of their respective actions on 
enzymatic systems discussed above. Elucidation of the raison 
d’étre of the favorable interaction of penicillin and bacitracin 
awaits further research. 
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CLINICAL IMPLICATIONS 


Penicillin retains its outstanding importance as a chemo- 
therapeutic agent not only because of its virtual lack of toxicity 
for the host (with the exception of a relatively low incidence 
of idiosyncrasies) when administered orally or parenterally,' 
but also because it is becoming more evident that its im vivo 
effectiveness is frequently greater than might be predicted from 
in vitro observations (22). 

It is hoped that this review will be of more than academic 
interest. Although the data reviewed hardly permit outlining 
a completely correlated picture of the therapeutic action of 
penicillin, they do, nonetheless, suggest profitable lines for 
clinical research. 

Since many infectious diseases seem to affect the proportion 
of oxidized to reduced glutathione in blood, and correlatively 
the proportion of ascorbic to dehydro-ascorbic acid (11, 35, 51, 
73, 96), and since penicillin therapy when effective promptly 
restores the normal reducing properties of the blood or serum 
(20, 129, 130), the interaction of penicillin with ascorbic acid 
has direct clinical implication and warrants further research. 

Concentrations of thiouracil far too low to be bacteriostatic 
may favor an increase of reduced and total glutathione in 
blood (165). It is pertinent that the protective action of peni- 
cillin for mice infected with hemolytic streptococci is greatly 
enhanced by concomitant injections of thiouracil derivatives 
(110); the concentrations of thiouracil that were used were 
approximately one tenth the minimum concentration that has 
been reported to be antibacterial. 

A major clinical problem in chemotherapy is the develop- 
ment of resistant strains. In the case of penicillin, resistance 
develops stepwise (36), and the clinician can therefore avoid 
development of penicillin-fast strains by using initial doses 
that are high enough to eliminate first-step resistant individuals. 





8Convulsions have been reported following direct intrathecal administra- 
tion of penicillin (201). This appears doubly significant. Normally peni- 
cillin does not diffuse into the spinal fluid (except in cases of extremely 
acute inflammation of the meninges). More significant perhaps is the 
peculiarity of brain tissue with respect to glutamine and glutamic acid 
metabolism (192). 
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From these observations Demerec (36) reported that it is “im- 
portant for the clinician to maintain the effective concentra- 
tion . . . as long as the infection persists, because decrease of 
the concentration below the effective level will permit the 
accumulation of first-step resistant bacteria.” 

Although this view is widely held, there is clinical evidence 
to attest the general effectiveness of intermittent injections 
(10, 98, 112, 115, 141, 142, 146, 189, 213). These two ap- 
parently divergent views can be reconciled, however, in the 
light of in vitro experiments which showed that when staphylo- 
cocci having a penicillin sensitivity of about 0.25 unit per ml. 
are exposed for 15 minutes to a solution containing 1 umit per 
ml. and then are transferred to a penicillin-free medium no 
multiplication occurs for approximately two and one-half hours 
(146). 

There is a high degree of correlation between the duration 
of the post-penicillin lag period and the resistance to penicillin, 
which is consistent with the view that penicillin blocks the 
metabolism of some material(s) essential for the growth of the 
cell. “The post-penicillin lag period would be accounted for 
as the time required to synthesize a new supply of the metabo- 
lite . . .”(146). A similar conclusion can be reached from the 
work of Faguet (58) who found renewed growth in penicillin- 
inhibited cultures within two hours after addition of penicil- 
linase. Faguet (58) also reported renewed growth 6 hours 
after addition of sodium nucleinate to similar cultures. How- 
ever, others have reported that nucleic acid does not relieve 
inhibition by penicillin in properly buffered media (65, 74). 


CoNCLUSION 


Since some of our reports based on macroscopic and micro- 
scopic studies of reactions to various reagents on assay plates 
have been misconstrued, we wish to re-emphasize that our con- 
clusions are not based on differences in intensity of the reactions 
in inhibited and in uninhibited areas of the plates, but are 
based on an all-or-none response to reagents for the functional 
groups. As pointed out previously (158) a threshold for an all- 
or-none response to appropriate reagents can be demonstrated 
in broth cultures as well as on assay plates. 
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The review presented above emphasizing the blocking of 
mononucleotides in penicillin-sensitive organisms, concomitant 
with a shift towards the right of the -SH-—>S-S functions 
of the cells does not answer the question: “Why is peni- 
cillin not noxious to man and other animals where phos- 
phorylated compounds and sulfhydryl-containing compounds 
play such important roles?” 

All new experimental evidence confirms our previously stated 
views that “ability to survive or even thrive in the presence 
of penicillin may be correlated with cytochemical ability to 
restore -SH groups fast enough for the respiratory systems to 
remain poised within the limits of reversible dehydrogenation 
and rehydrogenation,” and that “an organism may be assumed 
to be penicillin-sensitive when penicillin stimulates dehydro- 
genation of its functional sulfhydryl groups faster than they 
can be restored” (158). In this regard it seems significant that 
although the highest dosages of penicillin administered paren- 
terally or orally have not been observed to induce toxic reac- 
tions in patients (excluding the comparatively few cases of 
idiosyncrasy or allergy), nonetheless, cells and tissues charac- 
terized by relatively high rates of metabolism may be some- 
what inhibited at least temporarily. For example, spermatozoa 
from normal healthy bulls previously injected with crystalline 
penicillin become dwarfed and misshapen and lose the ability, 
possessed by spermatozoa from untreated animals, to reduce 
methylene blue (88, 89). Moreover, administration of peni- 
cillin may temporarily reduce the sexual impulse and number 
of sperms in the semen of normal healthy bulls and the secre- 
tion of milk in cows (88, 89, 204). 

Perhaps the concept of fundamental reactive units in the 
cell discussed by Nickerson (136) provides a reasonable work- 
ing hypothesis on which to base research designed to discover 
the fundamental reason for the inocuity of penicillin for most 
animal tissues and cells. Nickerson stressed that “bacteria (b) 
may be induced to elongate into filaments (F) by various 
treatments which inhibit cell division but which do not simul- 
taneously inhibit growth.” The shift B —> F is among the first 
detectable effects of penicillin acting at sub-bacteriostatic con- 
centrations. This shift occurs concomitantly with a shift to the 
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right of the normal -SH -—> S-S equilibrium and inhibition 
of mononucleotidase activity and correlative cytochemical modi- 
fication of ribose-and desoxyribosenucleic acid metabolism. A 
similar shift B —> F, possibly accompanied by similar chemi- 
cal changes, mutatis mutandis, obtains following proper irra- 
diation with X rays or ultra-violet. 

All the newly acquired evidence points towards a common 
specific functional unit as the sensitive locus in the cell (136). 
The degree of penicillin sensitiveness may be a function of the 
ability of that functional unit to react to penicillin. 
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MODERN INTERPRETATION OF CATARACT 
BrittraIn Forp PayNe* 


The word “cataract” arouses more fear of blindness in the 
public mind today than the names of all other eye diseases 
combined. In this age of great public enlightenment, with 
medical societies, universities, press, and radio constantly and 
persistently expounding on medical problems, it is safe to say 
that less than one per cent of our population has only the 
vaguest idea of the implications of cataract. Many of our most 
intelligent people think of cataract as a growth resembling 
cancer and are so afraid of it that ophthalmologists hesitate to 
use the term until the stage of operative treatment has arrived. 
Since cataract is one of the most definite signs of senescence 
and since longevity has increased so much in our time, it is 
reasonable to suppose that the public, through necessity, will 
become better informed. I am sure that physicians and ophthal- 
mic surgeons will continue to improve on the interpretation 
and the management of the disease. 

Cataract may be defined as an opacity of the crystalline lens. 
It is a word derived from the ancient Greek language and 
means the “pouring down” of the turbid, opaque fluid behind 
the pupil similar to a waterfall. Although this description 
fits in with cataract formed as a result of exudative iridocyclitis, 
it does not comply with our modern interpretation which began 
with the findings of Quarre in 1643. This was confirmed after 
Brisseau’s autopsy of a soldier with cataract in 1705. The 
French Academy approved the evidence of Brisseau three years 
later and the way was opened for more intelligent investi- 
gations. Almost 200 years passed before satisfactory opera- 
tions were evolved for the restoration of sight in patients with 
cataract. The greatest strides were made after the introduction 
of cocaine as a local anesthetic and the appreciation of asepsis 
and antisepsis.” Cataract is a condition in which the crystalline 
lens becomes cloudy from an increase in its water content; it 





*From the New York Eye and Ear Infirmary. Presented as the J. O. 
MacReynolds Lecture at The University of Texas Medical Branch, Gal- 
veston, December 20, 1948. 
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has no relation to a growth on the surface or inside the eye. 
The ancients were partially right in saying that turbid fluid 
congealed back of the pupil but they did not know that it was 
inside the lens. 

The normal crystalline lens is a clear, ovoid body suspended 
behind the pupil. Its primary function is to focus images on 
the retina in the back part of the eye. The pupil plays an 
important part in vision and corresponds to the opening in 
the shutter of a camera. The lens is directly behind the pupil 
and is in about the same relative position as a photographic 
lens. The crystalline lens is flexible to a certain degree and 
is covered by a thin transparent membrane or capsule. It 
hardens and becomes less resilient with age, which explains 
the need of reading glasses in many older people. The crystal- 
line lens is bathed by a clear fluid, the aqueous humor. This 
is its only source of nutrition, as there are no blood vessels 
or nerves supplying it directly. Any chemical derangement 
of the aqueous humor which will affect the crystalline lens 
may cause cataract formation, which explains why many 
patients with diabetes mellitus develop lens opacities. 

The incidence of cataract increases with longevity. Since 
life expectancy is approaching “three score years and ten” and 
since the crystalline lens begins to harden and change at the 
age of 40, it is reasonable to presume that the prevalence of 
senile cataract will increase in proportion to the number of 
persons attaining mature age. It is possible that other types 
of cataracts will increase as the population grows and life 
becomes more hazardous and complex. 


Development of the Lens 


The structure of the crystalline lens is better understood if 
its development is known and appreciated. At least three 
stages in development demonstrate normal growth of the lens. 

The eye of an embryo corresponding to an age of twenty-one 
days, or a length of 5.5 mm., shows budding of the primary 
optic vesicle from ‘he forebrain, with marked increase in the 
development of the anlage for the retina and the pigment 
epithelium. The associated mesoderm and the surface ectoderm 
fail to show similar development. There is a suggestion of 


‘FS a ee Cee ME he - 















































222 Payne 





thickening on the surface ectoderm to form the lens plate. 
The size and thickness of the cells that are to form the retina 
are slightly greater than those that are to form the pigment 
epithelium. 

A specimen representing an age of thirty-one days, or 10 mm. 
in length, shows a complete change in the relationship of the 
retinal and the pigment epithelial cells. The pigment epithe- 
lium is less than one-half the thickness of the retina. The 
cells forming the retina appear markedly developed, and only 
the lens vesicle is developed to a degree corresponding to that 
of the retina. 

A specimen measuring 52 mm. in length, corresponding to 
seventy-two days of age, shows the retina to be many times 
thicker than the pigment epithelium. The crystalline lens 
exhibits a high degree of development. 

From the above it is shown that the lens is almost com- 
pletely developed before birth and any interference in the 
metabolism of the mother by disease or injury will be reflected 
in deviations from the normal. The association of rubella with 
congenital cataract exemplifies the effect of maternal disease 
on the developing lens. 


Anatomy of the Crystalline Lens 


The crystalline lens is a transparent lenticular mass en- 
veloped by a capsule. The anterior surface is less curved than 
the posterior surface and they join to form the equator of the 
lens. The anterior pole and the posterior pole of the lens are 
separated by a distance of 5 mm. in the adult. The equatorial 
diameter is 9 mm. according to Fuchs. The lens is supported 
by the zonula ciliaris of suspensory ligaments, which sepa- 
rate the smaller anterior from the larger posterior segment 
of the eye. The globe is thereby divided into an aqueous 
cavity anteriorly and vitreous cavity posteriorly. The equator 
of the lens lies in a circle formed by the ciliary processes 
about 0.5 mm. from their apices. The space between the ciliary 
processes and the equator of the lens is known as the circum- 
lental space. The posterior surface of the lens is embedded in 
the patellar fossa of the vitreous body. 























































Modern Interpretation of Cataract 223 


The capsule of the crystalline lens is a homogenous mem- 
brane, which is thicker on its anterior than its posterior sur- 
face. The anterior capsule is further identified by a single 
layer of cuboidal epithelial cells which extend to the region 
of the equator where they end rather abruptly by shifting 
obliquely into the substance of the lens. The latter nuclei 
lose their staining reaction as they proceed inward and are 
incorporated in their own lens fibers. The posterior capsule 
continues from.the equatorial region without cuboidal cells 
but with elongated lens fibers ending in its own substance. As 
the prismatic lens fibers recede from the equator toward the 
center, visability is lost and a hard nucleus of the lens is 
formed. This is the beginning of the nuclear cataract and as 
age advances, becomes more pronounced and is only separated 
from the capsule by a thin cortex of viable fibers. However, 
new fibers continue to be formed at the equator as long as 
life exists. 


Signs and Symptoms of Cataract 


Cataracts may be lenticular if the opacities lie within the 
lens. They may be capsular if they are in or on the capsule, 
or they may be a combination of both, called capsulo-lenticular 
cataracts. 

The recognition of lens opacities depends on the stage of 
development. There is little difficulty in recognizing a “ripe” 
or mature cataract with the naked eye in ordinary light, which 
shows a grayish discoloration of the pupil. Peripheral spokes 
or lens opacities are more difficult to see and it may be neces- 
sary to dilate the pupil and use both focal illumination and 
transmitted light to identify them. With focal illumination, 
the opacities will show themselves as grayish or white striae, 
and with the ophthalmoscope as black striae on a red back- 
ground, reflected from the interior of the eye. The exact loca- 
tion of the opacities, whether in the nucleus or cortex, may be 
verified by use of the slit-lamp microscope. 

The symptoms of cataract depend on the location and extent 
of the opacity. Vision may be greatly disturbed by a small 
opacity in the center of the lens and yet scarcely noticed with 
multiple opacities located in the periphery. Sharply circum- 
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scribed opacities usually interfere less with vision than dif- 
fuse and thin ones. Diminution of vision and patches of 
cloudiness are among the first symptoms of cataract. As the 
condition progresses the patient may see black spots in the 
field of vision. These remain fixed with optic nerve and, there- 


fore, operation is contraindicated. 
Pathology of Cataract 


Retrograde changes in the crystalline lens follow a course 
characterized by changes in the capsule with shrinking of the 
lens fibers in the cortex. The fibers included in the nucleus 
are already shrunken and impervious to change, other than 
discoloration. As the cortical fibers shrink, fluid collects in the 
interspaces and gradually softens and penetrates the fibers 
themselves. As the fibers become waterlogged they may dis- 
integrate and become milky or form small globules and vesicles. 
Finally the entire cortex is dissolved and the compact nucleus 
settles to the bottom. It is hidden by turbid, milky fluid and 
enclosed in the distended capsule. This is the stage of hyper- 
maturity, or that of Morgagnian cataract. 

In the anterior capsular type of cataract, there are changes 
in the epithelium with corresponding attempts of regenera- 
tion. In the regenerative process, a tissue product of the epithe- 
lium resembling fibrous tissue imposes itself between the cap- 
sule and the cortex on the anterior surface of the lens. 

The posterior capsular type of cataract is best studied with 
the slit-lamp microscope and usually consists of brownish brass- 
beaten deposits on its surface. The posterior polar cataract is 
continuous with the remains of the hyaloid artery and under 
the microscope appears as dense connective tissue remains, with 
or without evidence of primitive blood vessels. In connection 
with his studies of the hyaloid system, the late Theodore L. 
Terry (1943) described Retrolental Fibroplasia, a disease often 
causing cataract and bearing the name of Terry’s Disease. 


Types and Causes of Cataracts 


The common types of cataracts to be considered are: con- 
genital, senile, those due to general diseases, traumatic, and 
complicated. 
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Congenital Cataract 


Congenital cataracts may result from disturbances in de- 
velopment or intra-uterine inflammations of the eye. They are 
usually bilateral, influenced by heredity, and seldom discovered 
until the infant is a few weeks old when the mother is often 
the first to notice that something is wrong with the eyes. An 
examination of the eyes with the pupils dilated often shows 
lenticular opacities. The cataracts may be anterior polar, pos- 
terior polar, diffuse cortical, nuclear, or mature and milky. 
They may be stationary and non-progressive or they may de- 
velop to completely obscure the pupil by the time the baby is 
born. The influence of maternal infections such as german 
measles and syphilis, as well as premature births, increases 
the incidence. It is claimed that injudicious use of X rays for 
diagnosis may cause lens opacities in the fetus. 


Senile Cataract 


The most prevalent type of cataract accompanies and seems 
to be a part of the general ageing process and is referred to 
as senile cataract. The changes in the lens include hardening 
and enlargement of the nucleus with separation and liquefac- 
tion of the cortical lens fibers. In the nuclear type of cataract 
there is often a brownish discoloration in the center of the lens 
with fewer changes in the periphery. The cortical type of 
cataract has most of its changes between the capsule and the 
nucleus and may assume numerous characteristics as described 
in ophthalmic textbooks. Subcapsular cataracts often follow 
exfoliation of lens capsule. Senile cataract usually begins about 
the age of 50 years and involves both eyes in an unequal de- 
gree. The development may be slow or rapid and more pro- 
nounced in one eye than the other. It has been said that 
everyone beyond the age of 50 years develops cataracts in some 
form, but they may not mature or require operation. The 
alteration of the aqueous humor as age advances obviously has 
its effect on the nutrition of the lens and plays a great part 


in the development of senile cataract. 
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Cataract Due to General Diseases 


The most common type of cataract associated with general 
disease occurs in the course of diabetes mellitus. It is possible 
to have cataract of the senile type in the presence of diabetes 
mellitus, but hyperglycemia usually hastens the development 
of the opacity. The changes in the lens are confined to the 
cortex and subcapsular layers and very often, the capsule is 
exfoliated and contains pigment deposits on its surface. 

Cataract may accompany tetany, resulting from the removal 
of the parathyroids, and may be arrested by treatment with 
calcium and parathyroid hormone, according to Cordes. Latent 
tetany is first manifested by small opaque granules deposited 
beneath the capsule and later invading the fissures and sub- 
stance of the lens. 

Other general diseases in which cataract is a common com- 
plication are: myotonic dystrophy, atopic dermatitis, arachno- 
dactyly, and mongolian idiocy. 


Traumatic Cataract 


Cataract due to trauma excites more interest than other types 
due to their usual rapid onset and indefinite outcome. In some 
cases the opacity develops almost immediately after the injury 
and in other instances, years may intervene before the effects 
are noticed. Traumatic cataract may follow perforating or 
non-perforating wounds, result from exposure to heat, X ray 
and radium and may develop after the ingestion of certain 
chemicals. 

If the capsule of the crystalline lens is perforated by a 
puncture of the globe, aqueous humor penetrates the cortex, 
the lens swells and becomes opaque and cataractous. If the 
perforation is immediately covered by the iris it is possible 
that the opacity will be self-limited and not develop to ma- 
turity. The wound is sealed by the iris and other reparative 
processes. Most traumatic cataracts are caused by flying mis- 
siles, which penetrate the lens and lodge inside the globe. 
The foreign bodies may be magnetic or non-magnetic. The 
non-magnetic foreign body is most difficult to manage since 
its extraction may damage the eye to such an extent that 
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useful vision is lost. Fragments of steel are successfully re- 
moved with the giant magnet and the aid of the X ray and 
the sideroscope. If any iron fragments are left behind there 
is danger of siderosis or impregnation of the epithelial ele- 
ments of the lens and eye with iron salts which results in 
cataract formation and loss of the eye. Copper fragments within 
the globe cause chalosis lentis or copper cataract. 

Contusion cataracts are caused by non-perforating wounds, 
with or without visible rupture of the lens capsule. The lens 
also may be dislocated by a blow and later develop lens 
opacities. 

Characteristic changes in the capsule and cortex of the lens 
may follow prolonged exposure to heat as seen in the cataracts 
of glass-blowers. Electric or “lightning” cataract may follow 
within a few days after a shock by high voltage current and 
consists of diffuse opacities in the capsule and cortex of the 
lens. Ultra-violet rays do not seem to cause cataract in the 
human being but they can give rise to serious damage to the 
cornea. 

Exposure to X ray and radium without adequate protection 
definitely causes cataract. This should be remembered before 
such treatment for ocular angiomas, nevi and other neoplasma 
is ordered. Serious impairment of vision may develop from 
the use of either agent. 

Cataract has been observed after the ingestion of ergot, 
naphthalene, dinitrophenol, and other chemicals. 


Complicated Cataract 


The term complicated cataract is used to describe the type 
of lens opacity resulting from disease within the eye such as 
iridocyclitis, glaucoma, chorio-retinitis, detachment of the ret- 
ina and other diseases. The changes are usually capsular at 
first with the cortex and nucleus later becoming involved. 
Operative results in complicated cases are usually poor and 
the well-trained ophthalmologist reserves surgical intervention 
to the last. 

Treatment of Cataract 


Management of cataract, once it is discovered, is most im- 
portant. Certain types of congenital cataracts never develop 
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to maturity and do not interfere materially with vision. Surgery 
is not indicated in these cases. When vision is severely dimin- 
ished, an operation is usually necessary. The most difficult 
cataract to treat successfully is the one accompanied by glau- 
coma. The cloudy, over-ripe lens may become swollen and 
aggravate the glaucoma and have to be removed to relieve the 
increased eye pressure. The final result is not always good, 
especially if the patient postpones the operation too long. Com- 
plicated cataracts, secondary to inflammatory processes within 
the eye, respond to surgery in proportion to the damage in- 
flicted. If the retina is destroyed, little will be gained from an 
operation. This explains why some patients are unable to 
see well after a cataract is removed successfully. 

The uncomplicated senile type of cataract responds well 
to surgery and the patient is usually happy. He has to wear 
thick lenses afterwards to compensate for the crystalline lens, 
which has been removed. Good vision is regained in most 
cases and normal occupations are resumed. 

A complete medical survey should be performed on every 
patient with cataract. The blood pressure is observed, bad teeth 
are eliminated, the blood and urine are tested, and sinus infec- 
tions are ruled out. The family physician is requested to 
make physical examinations and help in the treatment. If the 
patient has diabetes or kidney disease, he is treated accordingly. 
There are no drops or injections which will dissolve or cure 
cataracts. Electric or diathermy treatments do not help and 
massage is of little value. Dark glasses may help slightly by 
diminishing the amount of light entering the eye. This per- 
mits the pupil to dilate, and the patient is able to see around 
the cataract, if it is not too mature. If dilating drops are used 
to improve the vision, the patient should be observed at regu- 
lar intervals to prevent hardening of the eye. If an older per- 
son boasts that he is able to read without glasses, it usually 
means that “second sight” is developing. It also means that 
changes are occurring in the crystalline lens. The lens may 
be swelling or developing cataract and an ophthalmologist 
should be consulted at once. Whenever it is necessary to change 
glasses more frequently than normal, the patient’s family 
should be warned that cataract or glaucoma may be developing. 
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In conclusion, it is well to recognize the inherent fear of 
the general public as to the implications of cataract, and warn 
physicians to use the term sparingly in discussing eye com- 
plaints with their patients. An intelligent explanation of the 
mechanics involved in the development of cataract will do 
much to minimize the natural fear of the patient and if he is 
convinced that blindness can be prevented by operation, his 
outlook on life will be improved. If hope and confidence are 
restored to the patient, the doctor has fulfilled his obligation 


as a physician. 
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INFLUENCE OF ANTI-ORGAN SERA UPON METABOLIC 
PROCESSES* 


II. INFLUENCE oF CuIcK ANTI-BRAIN SERUM UPON OxyYGEN 
CoNsUMPTION OF CHICK-BRAIN HOMOGENATES 


Wixtor W. NowinskI 


In the first paper of this series (Nowinski, 1948) it was shown 
that anti-rat Reticulo-Endothelial-Immune Serum (REIS), pre- 
pared with bone-marrow and spleen as antigens, does not in- 
fluence the oxygen uptake of rat spleen slices and rat spleen 
homogenates. It was concluded, therefore, that the morpho- 
genetic effects as observed by Pomerat (1945), and Pomerat 
and Anigstein (1944, 1945) in tissue cultures could ngt be 
due to the inhibition of respiratory enzymes. This conclusion 
was so important that the question arose whether other anti- 
organ sera do not act upon the cellular respiration. In the 
present paper, chick anti-brain sera of various titers (comple- 
ment fixation) were used and their influence studied upon the 
respiration of chick brain homogenates. The anti-brain serum 
was chosen because its morphogenetic activity was studied in 
tissue cultures by Pomerat and Grunwalt and because of its 
well established inhibitory effect in this laboratory upon the 
outgrowth of brain elements in vitro. 


Methods 


Brains of 2 to 3 weeks old chickens were removed and the 
membranes peeled off. Homogenates were prepared with ice- 
cold Ringer solution (without calcium), buffered with Sorene- 
sen’s phosphate buffer mixture at pH 7.2. 

The oxygen uptake was estimated in Barcroft-Warburg 
manometers, as described before (Nowinski, 1948). Each cup 
contained homogenate, buffered Ringer’s solution and anti- 
brain serum in a final concentration of 40% throughout the 
experiments; thus the only variable being the titer of the 
serum. Blanks and controls were run in parallel. The blanks 


*Aided by a grant from U. S. Navy N6 ONR-266-V, administered by 
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consisted of homogenates and buffered Ringer’s solution only, 
whereas the controls contained normal rabbit serum instead 
of anti-brain serum. 

The work was done with three lots of anti-brain sera, pre- 
pared in the usual way.’ The titers of these sera were 1:30, 
1:50, and 1:500. The dry weight for the calculation of Qo, 
was established by drying 1 ml. of the homogenate at 160° C. 
for 10-12 hours. 


RESULTS 


Results are summarized in Tables I and II, and Fig. 1. The 
average of all the figures for blank, the Qo, is —2.31, whereas 
the average Qo, for all the controls (with normal rabbit serum) 
is —3.51 (Table I). This difference is probably due to the 
presence of glucose in the serum. Meyerhof and Lohmann 
(1926) showed that oxygen uptake of rat brain, as well as 
kidney and liver, increases with the addition of glucose. Ex- 
periments carried out in order to check the difference in the 
quotients of blank and control, gave, in fact, an increase in 
oxygen consumption (Table III). The Qo, for the blank with 
added glucose (—5.56) was practically equal to that of the 
normal rabbit serum and glucose (—5.41). 

The average Qo, for anti-brain serum with a titer 1:30 
(Table II) is almost the same as that of the blank, but defi- 
nitely lower than the Qo, for homogenates with normal rabbit 
serum: —2.75, against —3.51 (Fig. 1). Anti-brain serum with 
a slightly higher titer (1:50) gave quotients of similar values 
when compared with the results obtained with normal rabbit 
serum: —3.26; homogenates with added serum of the highest 
titer (1:500; Table II) show a slight decrease of oxygen con- 
sumption (—3.20) as compared with the figure for normal 
rabbit serum, but it still does not reach the level of the blanks. 





1We wish to express our thanks to Dr. Charles M. Pomerat and Miss 
Mary Faith Orr for supplying us with the anti-brain sera, and to Miss Dor- 
othy Whitney for the estimation of the complement-fixation titers. 
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Tas_e I 


Rabbit Serum 


Qo, for Brain Homogenate Alone (Blank) and for Normal 


Rabit Serum 





Blank 
Qo, 


Normal Rabbit Serum 
Qo, 
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—6.10 
—3.32 
—4.30 
—4.41 
—2.81 
—3.44 
—3.76 
—2.56 
—2.40 
—2.84 
—2.91 

—3.74 
—3,14 
—3.35. 
—2.74 
—4.22 
—2.91 

—3.21 

—2.54 
4.37 
—3.48 
—3.60 
—3.35 
—2.74 
—4.46 
—4.27 
—4.26 
—3.00 
—4..20 
—4.43 
—3.41 

—3.09 
—5.19 
—4.30 
—2.26 
—2.68 
—2.89 
—3.76 
4.62 
—2.93 
—2.74 
—3,27 
—3,18 








Aver. 


—2.31 





Aver. —3.51 
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Oxygen Uptake of Brain Homogenates in the Presence of Anti-Brain 


Tase II 


Sera of Different Complement Fixation Titers 























Titer 1:30 Titer 1:50 Titer 1:500 
Qo, Qo, Qo, 
—4..64 —1.83 —4.77 
—i.58 —2.95 —4.62 
—2.85 —3.36 —3.36 
—2.56 —2.18 —3.78 
—3.11 —4.54 —3,.22 
—3.60 —3.76 —3.65 
—427 —3.26 
—3.31 —2.79 
—4.64 —2.31 
—3.01 —1,37 
—2.46 —2.76 
—3.53 —3.06 
—3.16 —2.61 
—2.99 —3.32 

—3.84 
—3.34 
—4.44 
—3.43 
—3,.23 
—2.99 
— 3.28 
—3.06 
—2.01 
—3.54 
—2.85 
—2.86 
Aver. —2.75 —3.26 -— 3.20 
Taste III 


Influence of Glucose Upon the Oxygen Uptake of 


Brain Homogenates 




















Homogenate Anti-Brain Serum Normal Rabbit 
Alone Titer 1:50 Serum 
Qo, Qo, Qo, 
—5.66 —4..87 —5.47 
—5.46 —4.96 —5,34 
Aver. —5.56 —4.88 5.41 
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Ficure 1 


Influence of Anti-Brain Sera Upon Oxygen Uptake of 
Brain Homogenates 


B = Homogenate alone (Blank); N.R.S. = Homogenate +Normal Rabbit 
Serum; 1:30 = Anti-Brain Serum (Titer 1:30) + Homogenate; 1:50 = 
Anti-Brain Serum (Titer 1:50) + Homogenate; 1:500 = Anti-Brain Serum 
(1:500) + Homogenate. 
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Discussion 


All results summarized in Fig. 1 show that there is a very 
slight decrease in oxygen uptake of brain-homogenates when 
chick anti-brain serum is added. The figures for sera with a 
low titer (1:30 and 1:50), as compared with the blanks and 
controls, do not seem to be significant enough to definitely state 
that these sera have an inhibitory effect upon respiratory 
enzymes. 

Values obtained with serum with a titer 1:500 seem to show 
a more pronounced inhibition but even in this case no definite 
conclusion can be drawn. The fact that the lowest figure for 
homogenate with anti-brain serum (—3.20) does not reach 
the level of the Qo, for blank (—2.31), demonstrates that the 
glucose, present in the serum, acts as substrate. On the other 
hand, it shows clearly that the anti-organ sera are incapable 
of inhibiting the oxygen uptake even to the level of oxygen 
consumption of the homogenate alone. The conclusion must 
be drawn, therefore, that in the case of anti-brain serum, like 
that of the anti-spleen and bone marrow serum, and under our 
experimental conditions, no definite proof of an inhibitory 
effect upon oxygen consumption of chick brain homogenates 
could be demonstrated. 


SUMMARY 


The effect of chick anti-brain sera upon oxygen consumption 
of chick brain homogenates was studied with the Warburg 
technique. The average Qo, for the homogenate alone was 
—2.31, for normal rabbit serum it was —3.51. Quotients for 
homogenates with added anti-brain sera of various titers were: 
—2.75 (titer 1:30), —3.26 (titer 1:50), and —3.20 (titer 
1:500). The results obtained are not sufficiently significant 
to draw the conclusion that the inhibitory effect of anti-brain 
serum is not related to the respiratory enzymes in the chicken 
brain homogenates. 
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FREQUENCY OF CANCER IN 7,500 ROUTINE AUTOP- 
SIES PERFORMED OVER A PERIOD OF 43 YEARS 
AT THE UNIVERSITY OF TEXAS 
MEDICAL BRANCH 


R. H. Ricpon ANp L. A. KippEr* 


The significance of data compiled on human diseases usually 
is open to some criticism. Data based on pathologic examina- 
tions are likely to be of greater value than that compiled from 
routine death certificates. Statistical studies made upon records 
from a single institution may be misleading since a high per- 
centage of cases of a specific disease may be sent into the hos- 
pital because of the presence of one outstanding clinician. Fur- 
thermore, statistics on neoplasms from hospitals are misleading 
since many patients with obvious cancers are not kept in hos- 
pitals until death occurs. 

The present study was made first to determine the frequency 
of cancer in individuals who died after reaching the age of 
seventy years or more and were autopsied by the Department 
of Pathology at the School of Medicine. Two hundred cases 
were studied from one thousand nine hundred and forty-six 
consecutive autopsies performed between June, 1941, and Feb- 
ruary, 1948. This represents 10.2 per cent of the total num- 
ber of autopsies performed during this interval. 

A second object in this study was to determine the frequency 
of cancer in the routine autopsy material between 1905 and 
1948. At six different periods during these forty-three years 
(see table on page 7) five hundred consecutive cases were se- 
lected at random and the number of malignant neoplasms 
occurring in the groups was recorded. For this study, gliomata 
were considered as malignant tumors. Although the number of 
cases occurring during any particular period was too few to be 
statistically significant, it was thought that such data might be 
of value in a study of cancer. 





*From the Department of Pathology, The University of Texas Medical 
Branch, Galveston. Received for publication January 22, 1949. We wish 
to acknowledge the assistance of Helen Kirchoff in collecting data and 
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The age, sex and color of the two hundred individuals seventy 
years and older at the time of death were as follows: 





70-74 years ....... 93 46.5% White males ...... 97 48.5% 
SS 54 27.0 White females ..... 47 23.5 
 ... Air ener 35 17.5 Colored males ..... 43 21.5 
IS aa tee ge 10 5.0 Colored females .... 13 6.5 
bee cos 7 3.5 
RE ee 1 0.5 

200 ~=100.0 200 =: 100.0 





It is evident that approximately one-half of the group died 
between seventy and seventy-four years of age, and fifty per 
cent of the remainder before seventy-nine years of age. Seventy- 
two per cent of the cases were in whites and seventy per cent 
were males. 

The primary causes of death in these two hundred were as 
follows: 





Degenerative diseases ........ 89 44.5% 
Ee ee ee 47 23.5 
Miscellaneous causes ........ 34 17.0 
Secondary to accidents ....... 16 8.0 
ESE aes 2 eran ee 8 4.0 
ee rr re 6 3.0 
200 ~=100.0 





It is of interest to compare the frequency of the causes of 
death in this group of two hundred cases over seventy years 
of age with the causes of death at all ages for the residents in 
the County of Galveston in 1945. During this year there were 
eight hundred and eighty-one deaths of all ages due to the 
following causes: 





NN osc son Soa cin ands 0 DS DORR. occ otaveclsecesaee 27 
Acute rheumatic fever ........ 2 Senility and unknown ........ 30 
Diseases of pregnancy ........ | es oe 39 
SD oe in cicis oid. 40 OIE 00523 wncgicn cd iaetece 40 
Diarrhea and enteritis ....... 6 Gilier accaems. «<2... secccin 60 
gee re ct octs ons Syd ois 39 8 Intracranial lesions .......... 60 
oD Faas ee otanet nf oisiRiave 8 Diseases of first year ......... 61 
I 2 gis sini niece xo mone dive 16 Cancer and malignant diseases. 98 
sels cciach gxcres weg oo Me COUOOE CRONIES Sik oes ve tao es 109 


Motor accidents ............. 23 Diseases of the heart ......... 265 
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This shows that eleven and one-tenth per cent of all deaths of 
residents in Galveston County during 1945 were the result of 
cancer and associated malignant diseases. 

Cancer was the second most frequent cause of death in the 
group of two hundred autopsies upon individuals seventy years 
and older, being responsible for twenty-three and five-tenths 
per cent. The number of cases of cancer in the different age 
groups seventy and above and their frequency within the group 
were as follows: 











Age No. of Cases No. with Cancer Percentage 
ee eer ee ee Pee 93 23 24.73 
RE ihc esc a great gn ne warm 54 13 24.07 
ee © cceussepeemassewesese 35 9 25.71 
Ne ig ch Sw SOD 10 1 10.0 
” wqnddald ae Gleweu pate waainrs 7 1 14.28 
95+ BP a og anaes I sae eis tam le 1 0 0.0 

200 47 





To study the frequency of cancer in a series of routine autop- 
sies, two hundred consecutive cases, examined between July 
and November, 1947, were reviewed. The following table gives 
the number of cases in the different age groups, the number 
of neoplasms and the percentage, and the percentage of cases 
in the different groups that were autopsied. 








Percentage Percentage 

Cases of Cases of All Cases 

Age Number Cancer with Cancer Autopsied 
EE Co Cackc caus eee 10 0 0.0 5.0 
a rer rr 39 2 5.1 19.5 
rc bak 6 1 16.6 3.0 
Pe  wcsnandanesné 4 0 0.0 2.0 
RED se houston Gini eckn 25 3 12.0 12.5 
ee  SSeneud ane 32 12 37.5 16.0 
i SOE ones 31 10 32.2 15.5 
___... a rer 27 5 18.5 13.5 
tre © So oss aceannee 16 6 375 8.0 
Pe oo netequlbe ena 5 3 60.0 2.5 
ia aaa me YS 1 0 0.0 0.5 
PE) sissies seeotes 4 0 0.0 2.0 
200 42 100.0 





In this group of two hundred cases there were one hundred 
and twenty-one whites and seventy-eight colored; one hundred 
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and twenty-eight were males and seventy-one were females. 
The protocol on one case in this group gave no data as to either 
the sex or color. Twenty-eight of the group with neoplasms 
were males and fourteen were females; twenty-four were whites 
and eighteen were colored. Forty-two of the two hundred 
routine cases examined had cancer, thus giving a percentage 
of twenty-one. Of this group sixty-nine years or less, thirty- 
three or 18.9% had neoplasms, while nine or 40.9% of those 
seventy years or older had malignancies. 

The number of cancer deaths in the various age groups and 
the percentage within these age groups dying with cancer in 
the State of Texas in 1945 were as follows: 





Under 1 year 0.03% 
1— 9 years 0.78 
10-19 “ 2 0.69 
20-29 “ 1.66 
30-39 “ 5.10 
40-49 ¢ 13.40 
50-59 ; 21.19 
60-69 5S 26.48 
70-79 ° ; 20.99 
80-89 “ 8.53 
90-99 0.85 
100 + ; 0.05 
Not stated 0.15 


99.90 





Statistics based upon our autopsied cases show a much higher 
percentage of cancer in all ages, except from sixty to sixty- 
nine, than do the Vital Statistics for the State of Texas during 
the year 1945. Ten and two-tenths per cent of the total num- 
ber of deaths in Texas in 1945 were due to cancer, while eleven 
and one-tenth per cent of the people who died in Galveston 
County during 1945 had malignancies. Twenty-one per cent 
of the two hundred consecutive cases autopsied in the Depart- 
ment of Pathology between July and November, 1947, had a 
malignancy. Furthermore, our data show that the frequency 
of cancer is essentially the same between the years seventy 
and seventy-four, seventy-five and seventy-nine, eighty and 
eighty-four; and the incidence of cancer is greater between 
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seventy and seventy-nine than it is between sixty and sixty- 
nine. In these data from autopsies there is a marked decrease 
in the frequency of cancer after eighty-five years of age. 

The anatomic site and the age at the time of death of the 
forty-seven cases with cancer from the group of two hundred 
cases seventy years and older were as follows: 





G. I. Tract—18 Cases: 
Tongue Age: 80, W.M. 
Esophagus * ts NS. 
Stomach 71, W.F.; 70, N.M.; 75, W.F.; 80, W.F.; 
82, W.M. 
70, N.M.; 73, W.F.; 76, W.F.; 77, N.F.; 
75, W.F.; 80, W.F.; 77, W.M.; 84, W.M. 
70, W.M.; 72, W.M.; 74, N.M. 
Pulmonary System ... 70, N.M.; 70, W.M.; 70, N.F.; 83, W.M. 
Urinary Tract—10 Cases: 
Prostate . 7 “ 72, N.M.; 73, W.M.; 77, N.M.; 82, W.M.; 
76, W.M.; 73, W.M.; 78, N.M. 
Seminal vesicle .... 76, W.M. 
Bladder 2 76, W.M.; 71, W.M. 
Liver and Bile Ducts— 
Cases: 
Liver 3 73, W.M.; 73, W.F.;.76, W.M. 
Gallbladder 1 89, N.F. 
Ampulla of Vate 
Sa eee 
Breast 


71, W.M. 
72, W.F.; 83, N.M.; 75, W.M. 
90, W.F. 


75, N.M. 
80, W.F. 
70, N.F. 

72, W.M. 
73, W.M. 


Leucosarcoma ........ 
LS ae eee 
Ovary 

Leukemia ead 
Unknown site ........ 


1 
3 
Multiple Myeloma ... 1 80, W.M. 
1 
1 
1 
1 
1 





The high incidence of gastric, colonic, pulmonary, and he- 
patic malignancy is interesting. The peak age incidence, how- 
ever, for carcinoma of the liver is between the fifth and sixth 
decades (Ackerman, 1947). Carcinoma of the prostate, accord- 
ing to Levin (1944), is the most frequent tumor found between 
seventy and eighty-four years of age in the male, and carcinoma 
of the breast is the most frequent in the female. In these data, 
carcinoma of the prostate is the most frequent neoplasm in 
the male and carcinoma of the colon in the female. 

In this series of two hundred cases of individuals dying at 
seventy years or later, 23.5 per cent had cancer. In this group 
of neoplasms, 23.6 per cent occurred in the white race and _ 
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23.2 in the colored; 26.6 per cent of the cases were in females 
and 22.1 per cent in males. In New York State cancer in the 
female surpasses cancer in the male by a considerable margin; 
270.8 cases occurred in the female and 231.8 cases in the males 
per 100,000 population during 1942, 1943, and 1944 (Levin, 
1944). Our data on the relative frequency in the male and 
female and the frequency in certain anatomic sites should not 
be compared with Vital Statistics since patients with cancer 
usually are not admitted to the John Sealy and Affiliated Hos- 
pitals when therapy will be of no avail. Patients with cancer 
of the breast and cervix more often fall into the above category. 
Furthermore, patients with undiagnosed disease processes more 
frequently are sent into hospitals and may die while there, 
thus probably affecting the statistical frequency of certain neo- 
plasms. Regardless of these exceptions, it would appear’ that 
the actual number of cancer cases that die each year is greater 
than that shown by Vital Statistics. 

To determine the frequency of cancer in the necropsy service 
(7,500 cases) at the School of Medicine of The University of 
Texas at Galveston during the past forty-three years, five hun- 
ered consecutive cases, examined between 1905 and 1913, 1925 
and 1928, 1930 and 1932, 1935 and 1936, 1940 and 1941, and 
1947 and 1948, were reviewed. The number and percentage of 
cases of malignancy in each of these groups, the sex and color 
are as follows: 








No. of Cases Percentage Male Female White Colored 
1905-1913.......... 45 9.0 33 12 33 12 
1925-1926 ........... 62 12.4 37 25 26 i 
i Se 54 10.8 40 1+ 31 23 
Se 72 14.4 50 22 49 23 
1940-1941.......... 73 14.6 50 23 50 23 
ONS eb secs 98 19.6 70 28 67 31 





*Color not given in one case. 

From these data, it is evident that the number of cases of 
cancer examined has increased since 1905 and, also, there has 
been an apparent increase in the percentage of neoplastic cases 
during this period. The following table gives the number of 
cases of cancer in the different age groups for the six groups 
of five hundred cases, each examined between 1905 and 1948. 
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This also gives the number of active cases of tuberculosis and 
the number of children less than one year of age. 





1905-1913 


1925-1928 1930-1932 1935-1936 1940-1941 . 1947-1948 





No. of No. of No. of No. of No. of No. of 
Age Cases Cases Cases Cases Cases Cases 
Se 3 3 4 
ere ie i is 5 2 2 
ae 5 5 4 2 3 2 
_- ee 6 9 4 6 7 5 
40-49........ 11 11 13 11 12 15 
ee 7 13 14 15 21 26 
ee 10 13 10 20 1+ 24 
| eee 2 6 6 9 9 14 
80-89........ 1 4 2 1 2 5 
aa 0 =< w 1 
Unknown .... 3 1 1 
Total No. 
eee 45 62 54 72 73 98 
Tuberculosis. . 73 53 43 32 34 22 
TS eee 3 32 46 51 67 73 





From these data, it may be seen that there is a decrease in 
the percentage of cancer in the third, fourth, and fifth decades 
and an increase in the percentage of cancer in the sixth decade. 








PER CENT WITH CANCER 














1925 
TIME 


1980 1935 1940 1945 


Fic. 1. Percentage of neoplasms as found in six groups of 500 routine 
autopsies selected from 1905 to 1947. There is a progressive decrease in 
the frequency of cancer in the third, fourth, and fifth decades, while there 
is a corresponding increase in the frequency of cancer in the sixth, seventh, 


and eighth decades. 





244 Rigdon and Kidder 


In the seventh decade there is only a slight variation in the 
percentage. There has been a progressive increase during the 
past forty-three years in the percentage of cases of cancer in 
the eighth’ decade as shown in Graph 1. 

Graph 2 shows the percentage of cases of cancer at the six 
different intervals in individuals twenty to forty-nine and 
fifty to seventy-nine years of age. From these data there has 
been a decrease in the percentage of cancer in individuals be- 
tween twenty and forty-nine years of age and a corresponding 
increase in the percentage of cancer in individuals fifty to 
seventy-nine years of age. From these data it is suggested that 
cancer probably is not actually om the increase in the different 
age groups. The total number of cases of cancer, however, is 
increasing because the frequency of the number of. infectious 
diseases has decreased and the likelihood of a person reaching 





Per CENT WITH CANCER 
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Fic. 2. Percentage of neoplasms at different ages from six groups of 500 
routine autopsies selected from 1905 to 1947. Note the decrease in the 
frequency of tumors during this time in the third and fourth decades, 
while there is a progressive increase in the frequency of tumors in the 
eighth decade during the same interval. 
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fifty years of age is greater than ever before. Today, one has 
a much greater chance of developing cancer than at any time 
during the past fifty years. In support of this opinion, the 
frequency of death from tuberculosis in the same series of 
autopsies may be cited. There were seventy-three cases of 
active tuberculosis in the group of five hundred cases examined 
between 1905 and 1913, fifty-three cases between 1925 and 
1928, forty-three between 1930 and 1932, thirty-two cases be- 
tween 1935 and 1936, thirty-four between 1940 and 1941, and 
only twenty-two in 1947 and 1948. 

The averages of Annual Standardized Death Rates from can- 
cer between 1911 and 1944 in white persons one to seventy- 
four years of age are interesting. 





Average Death Rate per 100,000 





0 EIR EES 79.9%, 
i i a 79.1 
os nn oh ta dndaee ce 81.7 
3 GRR <aieiied 84.8 
inp in baad 87.8 
RRO Gunip ces 86.8 
I a cs mak 83.9 





From these data, one cannot conclude that cancer is increas- 
ing in its frequency, since 84.8 per cent per 100,000 whites 
died with cancer between 1926 and 1930, while only 83.9 per 
cent per 100,000 died with cancer between 1941 and 1944. 

It is interesting to compare the ten leading causes of death 
in Texas during 1947 with the chief causes of death in 1927. 
“In 1927, the major killers in Texas were heart disease, tuber- 
culosis, pneumonia, nephritis, cancer, apoplexy, diseases of 
early infancy, accidents, dysentery and diarrhea, and senility, 
respectively. A comparison shows that tuberculosis had dropped 
from second to seventh place, and pneumonia from third to 
sixth. On the other hand, cancer had advanced from fifth to 
second place, and accidents from eighth to the third spot. Heart 
disease, apoplexy, nephritis, and dysentery have all remained 
in about their same relative positions.” (Texas Morbidity, 
1948.) 
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The following data show the variations in the percentage 
of cancer for the different age groups between 1935 and 1945 


in the State of Texas. 





1935 


Total No. ’ 
of Cases Percentage of Cases Percentage 





072 2 .03 
.67 47 .78 
.76 42 .69 
2.23 100 1.66 
6.14 307 5.10 
12.94 809 13.40 
21.93 1,274 21.19 
24.42 1,592 26.48 
21.54 1,261 20.99 
7.80 513 8.53 
0.91 51 85 
0.04 3 .05 
10 BS 


6,011 


— 


FI+1+1+ 1 1141 
LSSRSRSRaSEe 





In 1935 there were 61,663 deaths in Texas with 4,163 (6.7%) 
due to cancer and in 1945, 58,853 deaths of which 6,011 
(10.2%) were due to cancer. From these data there has been 
an increase of 3.5 per cent in the number of individuals dying 
from cancer in Texas between 1935 and 1945. However, there 
has been essentially no difference in the percentage of deaths 
from cancer in the different age groups during this period. 
These data might appear to support an opinion that the num- 
ber of cases of cancer and associated diseases in Texas is in- 
creasing. However, this increase may be the result of a decrease 
in the number of deaths from infectious diseases and not the 
result of an actual increase in the frequency of cancer. 


CoNCLUSIONS 


Ten and two-tenths per cent of the cases examined in the 
Department of Pathology between 1941 and 1948 were seventy 
years of age or older. Twenty-three and five-tenths per cent 
of the cases who were seventy years or older at the time of 
death had cancer. One-half of the group that had reached 
seventy years or more at the time of death died between 
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seventy and seventy-four years, and fifty per cent of the re- 
mainder died between seventy-four and seventy-nine years of 
age. In two hundred routine cases including all ages examined 
in 1947, there were thirty-three cases of cancer in those dying 
before seventy years of age (18.9 per cent) and nine cases 
in those dying at seventy years of age or later (40.9 per cent). 

Ten and two-tenths per cent of the people who died in Texas 
in 1945 had malignancies; 11.1 per cent of the residents who 
died in Galveston County during 1945 had malignancies. 
Twenty-one per cent of the two hundred cases that were autop- 
sied in the Department of Pathology between July and Novem- 
ber, 1947, had malignancies. A decreased incidence of cancer 
occurred after eighty-five years of age as shown by the autopsy 
records. The prostate is the most frequent site for cancer in 
the male and the colon in the female in those individuals that 
were seventy years and older at the time of autopsy. 

In five hundred cases examined between 1905 and 1913, 
there were forty-five cases of cancer (9.0 per cent) and seventy- 
three cases of active tuberculosis (14.6 per cent). Between 
1925 and 1928, there were sixty-two cases of cancer (12.4 per 
cent, and fifty-three cases (10.6 per cent) of tuberculosis. Be- 
tween 1930 and 1931, there were fifty-four cases of cancer 
(10.8 per cent) and forty-three cases (8.6 per cent) of tubercu- 
losis. Between 1935 and 1936, there were seventy-two cases of 
cancer (14.4 per cent) and thirty-two cases (6.4 per cent) of 
tuberculosis. Between 1940 and 1941, there were seventy-three 
(14.6 per cent) cases of cancer and thirty-four cases (6.8 per 
cent) of tuberculosis, and during 1947 and 1948 there were 
ninety-eight cases of cancer (19.6 per cent) and only twenty- 
two cases (4.4 per cent) of tuberculosis. During this time 
cancer progressively increased 10.6 per cent, while tuberculosis 
progressively decreased 10.2 per cent. 

There has been an increase in the number of autopsied cases 
of cancer during the past forty-three years. This increase may 
have resulted from the fact that death from infectious diseases 
has decreased and, today, a person is more likely to die from 
cancer than forty years ago. These data do not support the 
opinion sometimes expressed that cancer is actually on the 
increase. From a study of the records in the Department of 
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Pathology on postmortem examinations between 1905 and 1948 
and the death tables in the Vital Statistics of Texas, it would 
appear that actually more persons die from cancer and asso- 
ciated diseases than is indicated by data compiled from routine 
death certificates. 
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WILMS TUMOR WITH UNUSUAL HEMATOLOGICAL 
FINDINGS IN AN INFANT FORTY DAYS OLD* 


Juxia Baker, W. Jacosson,? J. Lozoya,* AND 
JoHN SINCLAIR* 


Wilms tumor, or embryoma of the kidney, was first described 
by Eberth in 1872 and later in more detail by Wilms in 1899. 
It is rare but well documented, a dozen or more cases appear- 
ing in print each year. Eve (1892) reported a bilateral speci- 
men from the Hunterian museum dated 1782 or earlier. The 
earliest literature was collected by Walker in 1897 and much 
recent literature by Weisel, Dockerty, and Priestly in 1943. 
The appended bibliography is mostly since that date. Imme- 
diate surgery is responsible for the only cures obtained, and 
the analysis given by Ladd and Gross in 1941 covers this point 
of view. 

The case of Wilms tumor presented here occurred in a 
Mexican infant aged 40 days. Widespread metastases into the 
subcutaneous tissue and bone marrow were found, which gave 
rise to a peculiar blood and marrow picture. 

Clinical History. A normally developing infant, seen first 
at forty days of age, appeared well nourished but pale. A mass 
was felt in the right lower quadrant, approximately 5 x 7 cm. 
in size, at the site of the lower pole of the right kidney. The 
surface was not uniform, the mass was hard and did not move 
with respiration but was movable by palpation. There was no 
fluid in the abdomen, and the tumor circumference could be 
felt clearly. The liver was not palpable, but the lower pole of 
the spleen, om inspiration, felt soft. There was no lymphade- 
nopathy, but three subcutaneous nodules (5-8 mm.) were 
seen and felt on the anterior abdominal wall. They were hard, 
well outlined in the dermis and hypodermis, and widely sep- 
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arated. One was attached to the epidermis but the others 
were free. One was discolored by venous stasis but the others 
showed no discoloration. All were covered by intact epidermis 
and were freely movable. Three others also widely separated 
in the skin of the cranium were similar to the abdominal nod- 
ules except one that was anchored to periosteum. 

The first examination showed no ascites, edema, nor dehy- 
dration, no pathological heart sounds, respiratory distress nor 
other abnormal chest findings on auscultation. There were six 
normal siblings in the family. One child had died earlier 
with what was diagnosed as leukemia at the age of one year 
and seven months. 

During the following days labored breathing developed, and 
some bronchial respiration became apparent in several areas 
of both sides. Nothing indicated pleural effusion and the dia- 
phragm moved normally. The baby was taking 1-1 oz. of 
milk preparation (SMA) every three hours instead of the 
2-3 oz. formerly ingested. He had about five slightly green 
formed stools daily. The urine was dark, within normal color 
range. No blood was found. This picture was maintained 
during the next few days except for an increase in labored 
breathing and bronchial respiration on both sides. The rectal 
temperature varied between 38.5°-40.4° during the period 
preceding the operation. Penicillin was given intramuscularly 
and the temperature was normal at the time of operation. It 
varied slightly above this after operation, until it rose suddenly 
to 39.8° C. at the time of death. A provisional diagnosis of 
kidney tumor with involvement of skin, lungs, and bone mar- 
row was made. 

Laboratory Studies. A blood count was taken the first day 
the child was seen and blood and sternal marrow smears were 
made the second day. X-ray studies of the chest and abdomen 
by Dr. Vargas showed multiple pulmonary nodules with dif- 
fuse boundaries. These appeared on both sides but more on 
the left. The left lung and diaphragm showed little movement 
during breathing. A tumor mass in the abdomen pushed the 
intestines forward. A lateral plate disclosed two calcified foci 
in the kidney. Tumor of the kidney was diagnosed. The 
urine on September 3 showed traces of urobilin, 0.20 grams 
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of albumin per liter, and the sediment contained rare red 
blood cells and small amounts of sodium urate, a few bacteria 
and a few cellular casts. Culture of the urine showed abundant 
coli and some enterococci and pneumococci. 

Surgical History. Operation was done by Dr. Jesus Lozoya 
in Mexico City on the tenth day. The abdominal cavity was 
opened in a right paramedian incision from the costal border 
to the inguinal region. The tumor was free and with great 
ease the external layer of the right mesocolon was opened 
and the tumor well dissected with forceps and in some places 
with the finger. The veins in the pedicle were promptly ligated 
and then the artery was followed to the aorta and also ligated; 
the ureter was ligated and cut, close to the bladder. The 
tumor was completely removed and then a careful dissection 
of all the lymph nodes was carried along the aorta, reaching 
down to the pelvis and up to the diaphragm. The colon and 
caecum were attached to its normal place with a continuous 
suture of 4—0 chomic catgut. The abdominal wall was closed 
by layers. One lymph node from the abdominal wall and two 
from the cranium were removed. Ether in open mask with 
plenty of oxygen was the anesthetic. One hundred cc. of whole 
blood, 50 cc. of plasma and 100 cc. of saline were given dur- 
ing ihe operation. No accidents.. Postoperative evolution was 
the normal expected for these cases, until the fourth day (after 
first X-ray therapy treatment); by this time lymph nodes 
appeared in axillae, neck and inguinal regions; dyspnea and 
cyanosis developed, blood transfusions were ineffective, and 
the baby died on the eighth day. 

The tissue removed consisted of the tumor and remainder 
of the kidney, adrenal and adjacent involved nodules on the 
right side, and one skin nodule. The tumor mass appeared 
encapsulated by connective tissue over most of its surface. Only 
a small area of normal kidney formed the upper pole of the 
tumor which was inseparably connected wiih it. The tumor 
tissue extended medially and cranially into the adrenal and 
adjacent lymph nodes. The diaphragm and other viscera were 
not attached to it. The surface of the tumor was coarsely lobu- 
lated, one area was soft and hemorrhagic, the rest hard and 
greyish white. There was no autopsy. 
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Hematological Study. Repeated blood smears and hemo- 
globin determinations were made. On August 30, the day after 
the baby was first seen the red blood cells were 2,760,000 
with 55% (8.8 grams) of hemoglobin. A transfusion was given 
the following day and this was repeated when the red cell count 
fell. Up to the sixth post-operative day the level of red cells 
was maintained between 4.25 and 5.2 millions by transfusions. 

The blood smear taken on the first day the baby was seen 
showed the following differential count: Myeloblasts, 0.8%; 
myelucytes and metamyelocytes, 3.2%; young neutrophils, 
2.2%; neutrophils, 24.8%; eosinophils, 0.6%; lymphocytes of 
all sixes, 54.6%; lymphoblasts, 7.6%; monocytes, 5.2%; plasma 
cells, 2.0%. There was one normoblast for each 100 white cells. 
The total white cell count was 29,200. It varied between 8,500 
and 12,000 during the postoperative period. The reticulocytes 
were 3.5% (Sept. 1) and fell to 0.1% on the sixth postopera- 
tive day. 

Platelets were not counted but were plentiful. Red cells 
were slightly hypochromatic except for a few polychromatic 
cells. There was some mico- and poikilocytosis. The blood 
suggests a “leuco-erythroblastic” picture probably due to an 
invasive process in the bone marrow. 

The bone marrow smear made on the second day showed 
on a 1,000 cell count: reticulum cells 1.4%; myeloblasts 0.4%; 
myelocytes 1.6% (one mitosis); metamyelocytes 2.0%; young 
neutrophilic leucocytes 5.0%; neutrophilic leucocytes 13.0%; 
eosinuphilic leucocytes 0.5%; lymphocytes 23.6%; monocytes 
0.5%, plasma cells 3.1%; early erythroblasts 0.6%; inter- 
mediate erythroblasts 0.9% (one mitosis); normoblasts 0.9%; 
tumor cells 46.5% (two mitosis). 

The bone marrow was very cellular. The most striking fea- 


ture was the presence of very large cells which occur singly © 


or occasionally in clusters of 6-10 loosely arranged cells. Fig. 1. 
They form about half the total number of nucleated cells. The 
large round or oval-shaped nucleus is surrounded by a variable 
but generally large amount of cytoplasm. The nucleus char- 
acteristically has a somewhat delicate chromatin network with 
several large nucleoli clearly marked by precipitated chromatin. 
Fig. 9. The cytoplasm varies in intensity of basophilia and is 
not granular. There are frequent vacuoles which vary in 
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1-2. Clusters of tumor cells in bone marrow showing mitosis. 


number and size from a few to so many as to fill the cytoplasm. 
Fig. §. A vacuole may contain occasionally a single particle, 
staining purple with Wright’s stain and filling only a small 
part of a vacuole. Some of these cells may simulate foam cells. 
All gradations to few or no vacuoles are found in smaller cells. 
Mitoses are frequent and some of these are abnormal. They 
may show multipolar spindles, unequal chromosome distribu- 
tion ‘Fig. 4), and chromosomes abnormal in size or position. 
Varying stages in cellular degeneration are evident with nu- 
clear pyknosis and karyorrhexis. Some of the tumor cells, like 
some of the reticulum cells, may contain phagocytosed nuclear 
remnants (Fig. 10). A smear from the cut surface of one of 
the nodes shows a very similar picture. Some cells are similar 
to those described by Hargraves et al., 1948. They found cells 
with “accessory nuclei” in cases of lymphoblastoma, pulmonary 
infeciion, and metastatic carcinoma. 

Histology of the Tumor Tissue. Since there was no autopsy, 
this includes only the primary tumor of the kidney, a skin 
nodule, the adrenal gland and an involved lymph node. A very 
characteristic feature of the tumor cells as they occur in all 
these tissues is the frequency of mitoses found everywhere 
among them. Fig. 3. The cells also show a high degree of 
pleomorphism. 
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3. Section of a skin nodule showing variety of cell size, mitosis and a 
non-epithelial type of growth among fat cells. 

4, Mitosis in a tumor cell in bone marrow showing a lagging chromo- 
some. 

Primary tumor: In some areas tumor cells form solid masses 
with some necrosis in the central parts, or the cells are arranged 
in strands and clusters which are separated from each other 
by thin layers of connective tissue. The tumor cells show the 
characteristic features of an epithelial growth. Fig. 6. In other 
areas groups of tumor cells are separated from adjacent groups 
by extensively vascularized connective tissue. There is a large 
hemorrhagic area adjacent to a more vascular part of the tumor, 
yet in other areas the tumor cells form a loose network. The 
meshes of the network are formed by endothelially lined blood 
channels. In some parts of the tumor, each cell is separated 
from its neighbor by fine strands of reticulum fibers charac- 
teristic of a sarcomatous type of growth. Fig. 5. Occasionally 
tumor cells were seen invading capillaries. There is no sharp 
boundary between the kidney tissue and the tumor area as 
strands of tumor cells infiltrate the spaces between the kidney 
tubules. Some parts of the kidney tissue are retarded in their 
development. Here the connective tissue is that of an embry- 
onic mesenchyme and occasionally a glomerulus in an early 


stage of development is found (Fig. 7). 








‘[[99 1ayjoue woz pasoyAd0Zeyd Ayqissod .snaponu,, Arossaxxe Ue YIM MOLIVUT BUG UL [Ja9 10UIN] ‘(O] 
‘Iyoaponu aZ1ey A[payseul YIM auo puke [je ajyea_nuy[NU sug “6 

‘MOIIVUL BUOG UI Uaas [[99 JOUIN} a—1¥ payeTONIe A 

*xoy109 AaUpry Ul I[NIeWI0]s uUsamjeq suIAYIUaSeUT IIUOAIQUI'Y 

‘Aaupry ey} jo yzed auo UI UOISUa}x9 sNOyeUIOUIDIeD [edIdAT, 

(‘uojeuseidumt JaATIs SJepitA,) ‘“Aeupry ay} UI s[jao AoUIN, ButpuNosins siaqy uN[NIVeY 


Bs 


a} 
— 
=) 
2 
> 
Q 
~ 
~ 
K 
i) 
Ry 
3 
8 
— 
= 
™ 
S 
m 
i) 
£ 
8 
NY 
” 
S 
fo) 





256 Baker, Jacobson, Lozoya, and Sinclair 


In one area some ossification was observed. The matrix is 
arranged in thin trabeculae lined by cells not unlike osteo- 
blasts. 

The skin nodule shows areas of solidly packed tumor cells 
(Fig. 3) which infiltrate the surrounding tissue. At some points 
tumor cells grow quite independently, like those of a mesen- 
chymal tumor. In the adrenal gland the boundaries of the 
malignant tissue may be well defined. The adrenal medulla 
is filled with tumor tissue and the cortex is lifted as a unit. 
In the lymph node the original architecture is gone and much 
of the tumor is degenerating. 


Discussion 


This tumor conforms to the general character of Wilms tumor 
both in its original site, its primitive cellular character, its 
pleomorphism and its high mitotic rate. Such tumors are 
generally congenital but for some reason may appear to accel- 
erate their growth after birth. An early case was reported 
recently by Sauer (1948) in a newborn which already showed 


considerable metastases. Nicholson (1931) reported one in 
a fetus. The average age at which the tumor is diagnosed is 
the middle of the second year, and few appear after puberty. 
The case reported here is among the youngest in the literature. 
The degree of malignancy is related to cellular immaturity. 
The tumor is highly fatal, the only cases which recover being 
those without metastases who are operated at once. Radiation 
is not well tolerated and does not seem to kill all tumor cells. 
Etiology of the tumor is unknown. Matthews, Kirkman and 
Bacon (1947) produced tumors of the kidney in male hamsters 
by repeated injections with diethylstilbesterol. These, in places, 
are indistinguishable from the tumor described in this paper. 


SUMMARY 


A Wilms tumor of epithelial and mesenchymatous character 
in a forty-day-old child is reported. The tumor had metasta- 
sized widely when first seen. The invasion of the bone marrow 
has precipitated a leuco-erythroblastic blood picture. The smear 
of the sternal marrow showed about half its cellular content 
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replaced by tumor cells, most of which had reached a size of 
30 to 50 microns. Many tumor cells were finely vacuolated. 
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COMPARATIVE BACTERIOSTATIC EFFECT OF AUREO- 
MYCIN AND STREPTOMYCIN FOR BRUCELLA 


HELEN Lacy AND CHARLES E. LANKFoRD* 


Brucellosis is an apparent exception to the generally appli- 
cable rule that infections due to microérganisms which are 
sensitive in vitro to the established antibiotics, will respond to 
adequate therapy with these agents. This rule carries the pro- 
viso, sometimes overlooked, that to be completely effective, bac- 
teriostatic concentrations of the drug must penetrate to the 
most remote foci of infection. Although Brucella are compara- 
tively sensitive to streptomycin in vitro (Hall and Spink, 1947), 
brucellosis fails to respond satisfactorily to streptomycin therapy 
(Herrell and Nichols, 1945; Reimann, Price, and-Elias, 1945; 
Pulaski and Amspacher, 1947). This paradoxical failure has 
been related to inability of the drug to attain adequate con- 
centration in the spleen (Pulaski and Amspacher, 1947) or 
to penetrate into the intracytoplasmic habitat of these organ- 
isms (Goodpasture and Anderson, 1937; Goodpasture, 1948). 

Combined streptomycin and sulfadiazine therapy has been 
credited with satisfactory responses in a few cases of brucel- 
losis, possibly due to a synergistic action of the two drugs 
(Eisele and McCullough, 1947; Pulaski and Amspacher, 1947). 
However, there is need still for drugs of high activity against 
the brucellae. Chloromycetin (Smith, e¢ al., 1948) and aureo- 
mycin (Duggar, 1948) seem to offer the greatest promise at 
this time. The present study compares certain biological re- 
sponses of Brucella to streptomycin and aureomycin, with the 
purpose of anticipating the probable clinical value of the latter. 


RESULTS 


The methods and media used in this study are essentially 
the same as those used in a similar study of aureomycin activity 
against staphylococci (Lankford and Lacy). Certain modifi- 
cations in procedure, as for example in inoculum size and time 
of incubation, are noted in the text. The cultures of Brucella 
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were obtained through the courtesy of L. J. Rode of the Bru- 
cellosis Laboratory of the Clayton Foundation and The Uni- 
versity of Texas. These inclued 22 cultures of B. abortus (5 
required CO,), 2 of B. suis, and 2 of B. melitensis. 


Sensitivity of Brucella to aureomycin and streptomycin 


The difficulties encountered in determining the true aureo- 
mycin tolerance of staphylococcus were aggravated in the study 
of Brucella. Because of their slow rate of growth, it was neces- 
sary to incubate cultures of these organisms for periods of 30 
to 48 hours in order to obtain moderate growth. This extended 
period of incubation was accompanied by marked loss of aureo- 
mycin activity and consequent spuriously high values of tol- 
erance. By contrast, the end point of tolerance to streptomycin 
generally is independent of the incubation time, provided there 
has been no selection of resistant mutants. 

The tolerance of 22 cultures of B. abortus is indicated in 
Table 1. The range of tolerance to both drugs was relatively 


TaBLe 1 


Tolerance of Brucella abortus (22 strains) to Aureomycin and 








Streptomycin. 
| Concentration,* microgram per ml. agar 
.08 a 4 6 8 1.0 
Aureomycin | 2 2 1 1 16 
| i a ee 


Streptomycin 





*Highest concentration which permitted visible growth on tryptose agar, 
pH 7.0, after 30 hours incubation. Plates were inoculated by radial stroke 
of cotton-tipped applicator dipped in culture suspension. 
narrow. The majority of strains grew slightly at 0.4 micro- 
gram of aureomycin per ml. of agar, which was about 1/2 to 
1/5 the concentration of streptomycin tolerated. Two cultures 
of B. melitensis tolerated only 0.1 microgram of aureomycin, 
and two strains of B. suis were inhibited by 0.06, but not by 
0.03 microgram per ml. Aureomycin tolerance in broth at 24 
hours incubation, even though growth was sparse, suggested 
that Brucella are somewhat more sensitive than the 30 hour 
plate test indicates. Strain no. 1257, for example, which grew 
at 0.08 microgram in the plate test, was inhibited completely 
by 0.04 microgram in broth, and growth was half-maximum 














262 Lacy and Lankford 


at 0.028 microgram. The most tolerant culture, by plate test, 
showed 50 per cent growth inhibition at 0.2 microgram and 
complete inhibition by 0.25 microgram (figure 1). A narrow 
zone of stimulation by aureomycin was observed in young 
cultures, both in broth (figure 1) and on agar. This effect 
usuaily was most marked in CO,-requiring strains. 
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Ficure 1 


Aureomycin Inhibition of Three Strains of Brucella abortus. 


Strain 1269 was the most tolerant by agar plate tests, 1257 the least 
tolerant. Culture 9CO, requires COz for growth. The aureomycin concen- 
trations producing 50 per cent inhibition of growth were .03, .2, and .16 
microgram per ml., respectively, for 1257, 1269, and 9COkz. Incubation time, 
24 hours. Inoculum: 1 drop of 1:100 dilution of moderately turbid sus- 
pension. Note the zone of stimulation. 

These tests demonstrate that, weight for weight, aureomycin 
is at least 2 to 5 times as active as streptomycin in producing 


in vitro bacteriostasis of Brucella. 


Development of resistance to streptomycin and 
aureomycin 


Attempts were made to select aureomycin tolerant mutants 
of Brucella by plating large inocula at concentrations of the 
drug ranging from 0.1 to 10 micrograms per ml. Four strains 





1Since this study was completed, Spink, Braude and Castaneda (J. Am. 
Med. Assn, 138:1145-1148, 1948) reported that aureomycin appeared to 
be more effective than combined streptomycin and sulfadiazine in treat- 
ment of 24 infections due to B. melitensis. 
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of B. abortus and one each of B. melitensis and B. suis were 
tested with inocula from pooled culture suspensions. Even 
with inocula up to or exceeding 10'° viable cells, in no instance 
were colonies of increased resistance obtained (figure 2). More- 
over, transfers of the filmy growth from plates containing sub- 
inhibitory concentrations failed to exhibit increased tolerance. 
Thus, if mutants of increased tolerance do occur, the mutation 
rate must be very low (less than 1 per 10*° cells). This evi- 
dence suggests that resistance acquired during aureomycin 
treatment will not constitute a therapeutic problem in brucella 
infection. Moreover, by analogy with previous experience, 
these results bear the implication that natively-resistant strains 
will be rare, if they occur at ail. 

Since we were unsuccessful in finding any published infor- 
mation concerning in vitro development of resistance to strepto- 
mycin by Brucella, a study was made of this mutation. Simul- 
taneously with the aureomyc:n tests, the Brucella suspensions 
were plated to agar containing concentrations of streptomycin 
ranging from 1 to 100 microgram. B. melitensis y:elded only 
3 mutant colonies at 100 microgram from an inoculum of 10'° 
cells. All three mutants tolerated more than 1,000 microgram, 
and one of the three was streptomycin-dependent, growing 
only at concentrations above 30 microgram per ml. From 
B. suis, an average of one mutant of high resistance per 10° 
cells of inoculum was obtained. There were 5 to 8 mutant 
colonies per plate over the range from 1 to 100 microgram (7 
plates). Sixteen of these colonies were isolated for testing, and 
all tolerated 1,000 micrograms. In addition to these, there were 
approximately 20 small colonies per 10° cells of inoculum at 
1 microgram. The tolerance cf these was not determined. 

B. abortus 1257 yielded an average of 1.2 highly resistant 
mutant colonies per 10° cells of inoculum over the range from 
2 to 100 micrograms of streptomycin. Fifteen of these colonies 
were tested and found to tolerate 1,000 micrograms of strepte- 
mycin; only one of these required streptomycin for growth, 
but in other experiments, a higher proportion of streptomycin- 
dependent mutants was obtained. At concentrations of 0.6 and 
1.0 micrograms, 280 and 234 small colonies, respectively, were 
obtained by diluting the inoculum to 2.9 x 10°. (Figure 3.) 





Lacy and Lankford 


Figure 2 
Selection of Drug-Resistant Mutants of Brucella abortus 1257. 
Inoculum: 2.9 x 107 on streptomycin, 1.0 microgram per ml.; all others, 
2.9x 10%. SM: streptomycin; AM: aureomycin. Four colonies on strepto- 
mycin, 100 micrograms per ml. retouched to increase contrast with medium. 
Values for drugs in micrograms per ml. agar. 
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Representative colonies possessed a 3-fold increase in tolerance 
over the original culture. Hence, the mutant ratio for these 
first stage mutants of low resistance is approximately 1 per 
10°, a relatively high ratio. From these mutants of low resist- 
ance, second stage mutants of high resistance were obtained 
readily from large inocula, at an average ratio of 1 per 3.5 10° 
cells of inoculum. Sixteen of these were selected for testing, 
and all possessed a tolerance well over 1,000 micrograms. One 
required streptomycin (figure 3). 
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Combined Aureomycin-Streptomycin Bacteriostasis of B. abortus 1257 


Growth inhibition by aureomycin at varying concentrations of strepto- 
mycin. Inoculum: 1 drop of 1:1000 dilution of light suspension into 10 ml. 
tryptose phosphate broth, pH 7.0. Incubation time, 48 hours. Note the 
essentially additive effect of streptomycin. SM: streptomycin, in micro- 
grams per ml. 


These results are similar, in general, to those obtained with 
Hemophilus influenzae (Alexander and Leidy, 1947), Shigella 
(Klein and Kimmelman, 1946), and other bacteria. They indi- 
cate that streptomycin resistance of high degree may develop 
during use of this drug for infections caused by “sensitive” 
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strains of Brucella. In fact, Hall and Spink (1947) have re- 
ported that a strain of B. abortus, tolerant of only 0.5 micro- 
gram when first isolated from a case of sub-acute bacterial 
endocarditis, had acquired a tolerance for 7,500 micrograms 
after 29 days of streptomycin therapy. Moreover, the growth 
of this resistant strain was strongly stimulated by streptomycin, 
although the drug was not an absolute growth requisite. 

One of the interesting by-products of this study is the growth 
response of the second stage streptomycin mutant, Rlb (figure 
3). After 30 single-colony transfers on streptomycin-free me- 
dium, its streptomycin inhibition curve showed three maxima. 
It grew well in streptomycin-free broth, was partially inhibited 
at 3 micrograms, but grew better at 6 micrograms. At 30 
micrograms, inhibition was complete, but higher concentra- 
tions of streptomycin restored growth to a level exceeding even 
the ‘rug-free control. When this mutant was first isolated, 
the minimum at 3 micrograms and the maximum at 6 micro- 
grams were much more marked. The explanation for this 
behavior has not been determined, and, to our knowledge, 
there have been no reports of other drug-resistant mutants 
which respond in this fashion. 


Bacteriostasis with antibiotic pairs 


Demonstrations of synergistic effects of streptomycin and 
sulfadiazine against Brucella in clinical and laboratory studies 
(Shaffer and Spink, 1948) have suggested the possibility that 
aureomycin might be more effective in combination with one 
of these drugs. On the other hand, in vitro studies with Staphy- 
lococcus aureus (Lankford and Lacy) have shown marked 
interference effects between the pairs aureomycin-streptomycin 
and sureomycin-penicillin. Laboratory studies, therefore both 
in vitro and in vivo, are doubly desirable in order to indicate 
the probable clinical response of brucella infection to drug 
combinations. For this purpose, cultures of B. abortus 1257 
in tryptose phosphate broth containing aureomycin and strepto- 
mycin, or aureomycin and sulfadiazine, were incubated 48 
hours. The amount of growth, as measured by turbidity, was 
plotted against drug concentrations. Representative inhibition 
curves are presented in figures 5 and 6. Except within very 
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Growth inhibition by aureomycin at varying concentrations of sulfa- 


diazine, from 0.5 to 10 micrograms per ml. Conditions as in Figure 3. 
SD: sulfadiazine. 
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narrow ranges, there was evidence of neither synergy nor 
antagonism between the components of either drug pair. In- 
stead, the results indicate a simple additive effect. Although 
these results suggest that no striking advantage would accrue 
from the use in brucellosis of streptomycin or sulfadizine as 
an adjuvant to aureomycin therapy, the peculiar pathologic 
aspects of this disease tend to depreciate the value of in vitro 
tests as a means of predicting clinical response. 


SUMMARY 


Twenty-six cultures of Brucella (22 B. abortus) have been 
examined for tolerance to streptomycin and aureomycin. The 
range of aureomycin tolerance is narrow (0.06 to 0.6 micro- 
gram per ml.) as determined by plate tests, and is approxi- 
mately 1/2 to 1/5 that for streptomycin. Aureomycin effects 
50% inhibition of growth in 24 hour broth cultures at concen- 
trations ranging from 0.03 to 0.2 microgram. No aureomycin 
resistant mutants were selected from four strains of B. abortus, 
and one each of B. melitensis and B. suis, even with inocula 
exceeding 10*° viable cells. By contrast, all three species yielded 
first stage mutants of high tolerance to streptomycin. Some of 
these required streptomycin for growth. One second-stage mu- 
tant of B. abortus, which grew well in the drug-free medium, 
was inhibited by 30 micrograms of streptomycin, but produced 
maximum growth again as the drug concentration was in- 
creased to 600-1000 micrograms. The drug pairs, aureomycin- 
streptomycin and aureomycin-sulfadiazine showed a simple 
additive effect in their inhibition of B. abortus. The possible 
clinical implications of these results are discussed. 
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THE EVALUATION OF ANTI-BRAIN SERA 
BY TISSUE CULTURE METHODS 


Epcar GrRUNWALT* 


Soon after the appearance of the first studies on cytotoxic 
sera by Bordet, Ehrlich, Morgenroth, Landsteiner, Metchnikoff, 
von Dungern, and Lindeman, investigations on neurotoxic sera 
were published by Delezenne in 1900. His procedure was as 
follows: brain, cerebellum, medulla, and spinal cord obtained 
from dogs, previously bled to death, were washed several times 
in order to remove as much blood as possible. An emulsion 
was prepared from the nervous tissue and, over a period of 
two months, increasing doses up to 10 grams of the antigen 
were injected intraperitoneally into a series of ducks. Only 
some of these animals survived. Similar results were obtained 
by injecting other ducks in the same manner with either brain, 
cerebellum, medulla, or cord alone. The surviving ducks were 
bled between 8 and 10 days after the last injection and the 
resulting sera was used for test purposes within a short period 
of time. 

Injections of normal duck serum were made into dogs’ brains 
in order to establish the amount which could be tolerated 
without harm, and it was found that 0.5 to 0.6 ml./kilogram 
produced no apparent damage to the animal. However, when 
0.5 to 0.6 ml./kilogram of the neurotoxic sera was injected 
intracerebrally, the majority ef the dogs died within a very 
short time. A few minutes after the injection the animals 
developed a paresis which became rapidly more severe. Un- 
able to stand, they would fall on their sides and, after a few 
convulsive movements, die of a paralysis of the respiratory 
muscles. The injection of only 0.3 to 0.4 ml./kilogram of the 
neurotoxic serum was usually enough to produce the same 
phenomena, but the onset of the paralysis was slower and 
the convulsive movements were less severe and seldom general- 
ized. The dogs fell into an almost complete motor and sensory 
paralysis of those organs which are dependent on the function 





*From the Tissue Culture Laboratory, The University of Texas Medical 
Branch, Galveston. Received for publication March 1, 1949. 
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of the central nervous system, and sometimes remained in 
this condition for several hours. Stertorous breathing, which 
was the only sign of life, soon became irregular and diminished 
in amplitude and frequency until the animals died of asphyxia. 

In the doses used, the intracerebral injections of neurotoxic 
serum produced a rapid suppression of all the nervous activities 
of central origin, the destruction of the nervous elements being 
so extensive that there was little chance for the manifestation 
of excitation phenomena. When the doses were much smaller, 
the clinical picture was entirely different. Excitation domi- 
nated over depression. The injection of 0.1 to 0.2 ml./kilo- 
gram into the animal produced no effect during the first few 
minutes but afterwards walking became difficult and unsure. 
Half an hour later most dogs were paralyzed and could hardly 
stand. At this time the first convulsions began as an epilepti- 
form crisis. Some dogs showed typical attacks of epilepsy 
with initial cry, salivation, tonic and clonic convulsions, and 
micturition. These attacks recurred frequently and finally 
changed into purely clonic convulsions which were readily 
elicited. Throughout this period the dogs continuously moved 
their heads and limbs. Finally the convulsions were replaced 
by spastic paralysis and the animals died seven to eight hours 
after inoculations. The same results were obtained irrespec- 
tive of the part of the nervous system used to immunize the 


ducks. 


Enriquez and Sicard in 1900 failed to produce neurotoxic serum due to 
the fact that the animals died as a result of the antigen injections. Cen- 
tanni in the same year managed to immunize a lamb after seven months 
of intraperitoneal injections with emulsions of rabbit brain. This serum 
killed a rabbit in 48 hours when 0.5 ml. was injected intracerebrally. 
Intravenous injections of the same serum produced no effect, but it is 
interesting to note that the repetition of these produced an anti-neurotoxine. 
Ravenna in 1902 encountered the same difficulties as Enriquez and Sicard, 
but Pirone in 1903, using exactly the same technique as Delezenne, con- 
firmed this investigator’s work. 

Working in Delezenne’s laboratory, Armand-Delille in 1906 continued 
these investigations by studying the lesions produced in the brains of dogs 
injected with a neurotoxic serum. He injected guinea pigs instead of ducks 
to obtain the neurotoxic serum, Macroscopically, he observed an extreme 
congestion of the whole pia which in places showed typical ecchymosis. 
These lesions were always at the level of the sub-arachnoid spaces on the 
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- inferior surface of the brain, and the medulla and pons were often bathed 
in blood. However, he never found hemorrhage at the point of intro- 
duction of the needle nor in the ventricles. There was also a certain degree 
of edema of the pia and cortex which was pink in color and with puncti- 
form hemorrhages. The most noticeable microscopic lesions were the 
extreme degree of congestion and the dilatation of the blood vessels. Small, 
scattered interstitial hemorrhages were present accompanied by a slight 
leucocytic infiltration which was composed mainly of polymorphs and a 
few mononuclear cells. The general arrangement of the layers of nerve 
cells was not altered to any extent. By Nissl’s toluidine blue method, 
chromatolysis was demonstrable in all the pyramidal cells of the motor 
cortex, while some were actually in a state of disintegration. In the 
motor nuclei of the medulla, the lesions were most easily recognized. The 
large motor cells of the hypoglossus, the abducens, and the facial nerve 
showed very marked chromatolysis, the cytoplasm staining a diffused light 
blue. A number of them were in a state of disintegration, the nucleus 
blurred but the nucleolus still intensely stained. None of these effects 
were produced by the injection of serum from untreated guinea pigs 
(Plate I). 

Fleischer and Arnstein in 1921, while studying the specificity of anti- 
organ sera by complement-fixation, observed a greater reaction of the 
anti-brain sera with testis antigen than with brain antigen, and a slight 
cross reaction of this sera with kidney, spleen, and liver. However, the 
investigators attributed this cross reaction to a different antigen, common 
to all organs, and concluded that brain is organ specific. Five years later, 
Brandt, Guth, and Miller reported on the organ specificity of “lipoid 
antigens,” especially those of the brain. 

Witebsky and Steinfeld in 1928 demonstrated that by repeated injections 
of brain suspensions into rabbits, organ specific but not species specific 
antibodies could be produced. The antigens of the brain, similarly to 
those of the lens of the eye, were found to be alcohol soluble, and sera 
obtained from immunized rabbits reacted equally well with an alcohol 
extract of brain as with a suspension of whole brain, regardless of the 
species. These papers on the organ specificity of brain antigen were con- 
firmed by Heimann and Steinfeld in 1928. 

The immunological difference between grey and white matter was 
determined by Reichner and Witebsky in 1930. Anti-sero prepared against 
white and grey matter were found to react more strongly with their 
corresponding antigen, medulla and cord behaving like white matter. An 
even more definite reaction was produced by testing white matter anti- 
bodies against fish brain, whereas grey matter antibodies did not react with 
this antigen. The reverse was true when the antibodies were tested against 
embryo brain. 

Schwentker and Rivers in 1934 found that when rabbits were injected 
with fresh emulsions of homologous brain no antibodies developed. If these 
sterile emulsions were allowed to stand at room temperature from 5 to 
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30 days, or if the brain used for immunizing was obtained from rabbits 
which had been experimentally infected with vaccine virus, antibodies 
could be elicited after intraperitoneal injection. The anti-brain sera con- 
tains both specific and non-specific antibodies, the specific brain antigen 
being six times more abundant in white than in grey matter. In addition, 
this antigen is almost completely absent from the brain of fetal rabbits 
and increases parallel with the myelin content of the central nervous 
system. 

Rivers and Schwentker in 1935 produced myelin destruction in the brains 
of monkeys by intramuscular injections of water suspensions and alcohol- 
ether extracts of rabbit brain. These authors ascertained that the lesions 
were not due to infection but beyond that made no attempt to determine 


the cause. 

Sachs and Schwab in 1935 prepared a new type of antigen consisting 
of a protagon fraction. This was obtained by removing from ox brain 
the lipoids soluble in petrol-ether and acetone and extracting the insoluble 
fraction with 85% alcohol at 60° C. The resulting substance was activated 
with pig serum and had antigenic properties which differed from the lipoid 
fraction. 

Bailey and Gardner in 1940 immunized guinea pigs by intraperitoneal 
injection of a sedimented, heat-killed vaccine of Pasteurella boviseptica 
grown in an infusion of broth prepared from rat brain. Anaphilaxis was 
produced when the guinea pigs were injected intravenously with auto- 
claved extracts of brain and nerves. By this method white matter was 
found to cause a stronger reaction, and this observation was confirmed by 
the inability of embryo brain to produce anaphylaxis. These workers at- 
tributed the antigenicity of the brain to myelin and believed that the 
antigen obtained by autoclaving was of protein nature. It was non- 
dialyzable, soluble in water but not in alcohol, and thermostabile. 

Henle, Chambers, and Groupé in 1941 tested the antigenicity of par- 
ticles derived by high speed centrifugation from filtrates of organ suspen- 
sions. These particles were found to be active in eliciting antibodies. 
Brain was demonstrated to be organ specific but not species specific. Two 
different antigens were distinguished, both heat stabile, one alcohol or 
ether soluble, the other not. 

Lewis had found in 1934 that the cross reaction between brain and 
testis also took place between alcohol extracts of these organs. More re- 
cently (1941) he demonstrated the iso-antigenic properties of alcohol ex- 
tracts of rabbit brain using horse serum as an activator. The antibodies 
obtained reacted equally well with rabbit brain and testis as with the 
same organs from other animals. In the same year he also demonstrated 
the antigenic relationship of alcohol-soluble substances of cow corpus luteum 
to those of testis and brain. However, this reaction does not take place 

between ovary and brain when the former is devoid of corpora lutea. 

Kopeloff and Kopeloff (1944, 1947) produced anaphylaxis in the monkey 
by injecting alcohol extracts of monkey and lamb brain using a modifica- 
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tion of Freund’s adjuvant technique. The surviving animals had non- 
species specific antibodies which produced slight cross reaction with testis. 
By the same method, paralysis of the hind legs of guinea pigs and rabbits 
was produced. 


In summary, it appears that the injection of whole brain 
suspensions, or of different types of extracts of brain behaving 
as haptens, elicits the production of antibodies which react in 
complement-fixation tests against both these types of antigens. 
These antibodies are not species specific and only partially 
organ specific, producing cross reaction with testis and corpus 
luteum. One antigen of the brain has been consistently linked 
with myelin, although there are indications that it may be 
also of a protein nature. 


The Nature of Brain Antigen 


The antigens of the brain belong to a group of substances 
known as “‘lipoid antigens.” The only feature, however, which 
these antigens have in common is that they may be extracted 
by organic solvents. In other respects they differ widely, 
heterogenic substances such as sterols, lecithin, cephalin, the 
phosphatides of bacteria, and cerebrosides being included in 
this group. In their pure state, the solubility of these sub- 
stances may be of an entirely different order. Weil has pro- 
posed calling them ‘Wasserman type antigens,” a term which 
does not presuppose a chemical nature. 

An antigen of the brain has been associated with myelin 
because of its chemical composition and the fact that it is not 
present in the fetal brain. More recently, Morgan in her study 
of anaphylaxis in the monkey, produced by injection of monkey 
brain using Freund’s adjuvant technique, found that a greater 
number of positive reactions were obtained with white matter. 

Railey and Gardner have suggested that this antigen may 
be of a protein nature and not of a lipid nature. However, the 
relationship of the substances isolated by these workers to the 
material contained in alcohol extracts of brain has not been 
determined. This substance is associated with the white matter 
of the brain and is also present in the peripheral nerves. It 
has the same antigenic relationship to testis as the alcohol 
extract. Indeed, the possible presence of this material in the 
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alcohol extract of brain may be responsible for its antigenic 
relationship to testis. 

The best known substances other than proteins which have 
been found to possess antigenicity are the polysaccharides 
isolated from bacteria or other cells. As these substances are 
composed mainly of sugars and their amino derivatives, they 
possess incomplete or no power to evoke antibody formation, 
but they are, however, reactive in vitro. Full antigenicity is 
found in cases where these polysaccharides occur as complexes 
with fatty acids, phosphorus- or nitrogen-containing com- 
pounds as in the gram-negative bacteria of the coli-dysentery- 
salmonella group. The compound which determines the specifi- 
city is the polysaccharide complex; the lipid portion is not 
antigenic (Weil). 

Some relatively simple substances have been found to be 
antigenic, provided a protein “conveyor” is added to them 
(haptens). Only those which are relatively abundant in brain 
tissue need be mentioned here. The first of these to be investi- 
gated were lecithin and cholesterol by Sachs and Klopstock. 
However, as commercial preparations of low purity were used, 
there remains some doubt as to whether the antibodies ob- 
served were really against cholesterol and lecithin. These 
reports and others concerning the antigenicity of commercial 
preparations of cephalin and cerebrosides have been confirmed 
(Fujimura, Levene). Sera against sphingomyelin, cephalin, 
lecithin, and a galactoside (M) from brain have been obtained. 
The anti-brain lecithin serum does not react against lecithin 
Merck (Heiman and Klopstock). Purified lecithins and cepha- 
lins from egg and brain have been found to be non-antigenic. 
Antigenic formation has been elicited against a synthetic leci- 
thin, the tristearyl-licithin synthetized by Gruen, against 
recrystallized cholesterol (Weil) and against several of its 
derivatives (di-hydrocholesterol, cholesterin oxide, and ergos- 
terol). Objections by Wadsworth to the validity of these 
observations on the grounds that the amount of complement 
fixed is very small are not important since cholesterol and its 
derivatives not only give complement-fixation of high specificity 
(12, 150) but are also flocculated specifically by the corre- 
sponding antisera. Some cholesterol derivatives such as exicho- 
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lesterol, cholesteryl bromide and several cholesterol esters are 
devoid of hapten property (67, 151). Highly purified cerebron 
and lignoceryl-sphingosine are non-antigenic (144). 

A protagon from the brain which behaves like a hapten has 
been isolated and found to contain 2.4% N and 0.5% P 
(Schwab). Its anti-serum gives cross reaction with aqueous 
but not with alcoholic extracts from brain nor with lecithin 
prepared from brain. This serum did not react with alcoholic 
extracts from other tissues, with lecithin prepared from egg, 
with cerebron, nor with sphingomyelin. 

The combinations of the methods of acetone and CdCl, pre- 
cipitation yield antigens which are effective at the order of 
1 microgram (Weil). Further concentration can be achieved by 
adsorption followed by elution into boiling methyl alcohol. 
Preparations obtained by the cadmium chloride method have 
been found to be fully reactive only after standing at room 
temperature for a few days. Possibly an oxidative process 
takes place during this time. These purified antigens are not 
dialyzable and hydrolysis destroys their activity (15, 126, 153). 
The following is the scanty chemical data available on a brain 
extract obtained in this way by Rudy: nitrogen, 1 to 2%; 
phorphorus, 0; Fehling (carbohydrate), 2%; fatty acids +. 


Tissue Culture Technique in Immunology 


Before the introduction of the technique for tissue culture, 
the responses to antibodies of living cells isolated from the 
whole organism could not be observed directly. The in vivo 
method, due to the great complexity of factors involved, offered 
enly somewhat limited possibilities for studying the mechanism 
of antigen-antibody reactions. In cell-free systems, complement- 
fixation and precipitation tests could demonstrate the specificity 
and strength of a reaction. However, the development of a 
method for cultivating fragments of organs offered a fresh per- 
spective in the field of immunology. Cells isolated from humoral 
influence and the interaction of other organs, could be obserevd 
during the course of serological reactions. 


Tissue culture technique was first used in immunology by Lambert and 
Hanes to investigate the growth of mouse sarcoma in the plasma of im- 
munized rats and guinea pigs. Under these conditions, the tumor cells 
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showed little growth. This investigation on anti-tumor serum has been 
confirmed and extended to other types of tumors (66, 88, 89, 90, 91, 92). 
The arrest of tumor growth in the intact animal has not had the same 
measure of success. 

Cytotoxic sera prepared against normal cells and tested in vitro include 
anti-erythrocytic serum (13), anti-leukocytic serum (50, 69), anti-kidney 
serum (147), anti-reticulo-endothelial serum (36, 56, 70, 115, 116, 117, 118), 
anti-fibroblastic serum (29, 31), and against whole embryos (58). The 
addition of these sera to tissue cultures of the organs against which they 
were directed usually resulted in the inhibition of outgrowth from the 
explant, or in the injury or death of the cells which had migrated into 
the clot in cases where the normal medium of an actively growing culture 
was replaced by the serum (60, 139). 

When tuberculin was added to cultures of tissue from animals with 
tuberculosis, anaphylaxis was produced which resulted in the destruction 
of the cells (3, 4, 30, 42, 43, 71, 102, 104). The effect of tuberculin on 
normal leukocytes has also been studied (137). 

Hypersensitivity of animal tissues infected with. streptococci to strepto- 
coccal extracts and the protective action of streptococcus immune plasma 
have been observed in vitro (101, 103). 

Two different methods have been employed in attempts to produce ~ 
antibody formation in vitro. By adding the antigen to the tissue cultures 
and then testing the medium for antibodies, some workers have reported 
positive results (20, 53, 68, 100, 109, 112, 132, 136) and yet others are in 
disagreement (35, 65, 99, 129, 131, 143). The second method was to 
administer the antigen to the intact animal and at various intervals to 
explant their tissues. After incubation, the culture medium was tested 
for the presence of antibodies. The results obtained by this method have 
generally been in agreement in that antibody formation was reported by 
the majority of investigators (28, 35, 59, 87, 95, 99, 120, 123, 131, 143). 
Only one study (65) has been found in which no antibody formation could 


be revealed. 


Parker, in concluding his discussion on these contradictory reports, states: 
“In view of the positive results obtained when the antigen was allowed to 
remain for from two to three days in the animal, the negative results 
obtained when this period was shortened have a very definite significance. 
They suggest that antibody production is a more coiaplicated process than 
is usually assumed, and they also imply that it is not easy to demonstrate 
a production of antibodies in vitro unless the tissues have first been acted 
upon by some unknown mechanism within the body.” 


The advancements made in the field of immunology by tissue 
culture technique seemed to justify the use of this method for 
evaluating anti-brain sera. 
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The Cultivation of Nervous Tissue 


At the turn of the century, neurologists were divided into 
two main schools of opinion regarding the origin of nerves. 
According to Balfour, Beard, Dohrn, and Apathy, nerves formed 
in situ by differentiating from the ground substance under the 
influence of cells which had migrated from the central nervous 
system, but His and Kupffer believed that the nerves them- 
selves migrated from the central canal. This second theory 
was supported by His’ demonstration that each fibre is the 
prolongation of a neuroblast, and Cajal’s observation that 
nerves are at first devoid of their cellular sheath and only 
later become surrounded by cells. These cells, therefore, could 
play no role in nerve formation. The in situ theory was finally 
discarded when Harrison in 1907, devising a method for main- 
taining animal tissues in vitro, cultivated nervous tissue from 
the frog embryo using clotted frog lymph as a medium. After 
the explants were incubated for several days, he observed that 
nerve fibres had migrated from the tissue into the clot. As this 
clot was devoid of cells, the fibres must have originated from 
the cells of the explant. Harrison’s work was soon confirmed 
by other investigators (17, 85, 86) and was supplemented by 
observations on the degeneration and regeneration of axons in 
vitro (51). 

Once the origin of nerves had been established, the question 
arose as to how these fibres find their end organs. According 
to some (Held, Cajal), the nerves simply grow by amoeboid 
movement across the space which separates them from their 
end organ. In the amniotes, the fibres advance by adhering to 
the mesenchymal cells in their path, and in the anamniotes, 
where the fibres grow in a tissue devoid of cells, this thigmo- 
tropic function is carried out by pre-existing plasmatic filaments 
(plasmodesms). Cajal also believed that the cells of the end 
organ exert a chemotropic influence of great importance in the 
orientation of the nerve fibres. (This belief of Cajal resulted in 
a famous controversy with Held who still adhered to the theory 
of the mechanical orientation of nerves). Detwiler demon- 
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strated that this attraction is not specific by transplanting to 
the site of a limb-bud various organs which, in the course of 
the development of the embryo, were innervated by the brachial 
nerves. Most of the work on this problem done in vitro tends 
to support the theory of the mechanical orientation of fibres 
on a pre-existing micellar orientation of the ground substance 
(155, 157). Attempts have also been made to prove that this 
orientation is of an electrical (52) or of a chemical (22, 141) 
nature. The question still remains unsettled. 


Another problem in the field of neurology to which tissue 
culture contributed a great deal concerns the nature of micro- 
glia. Del Rio Hortega and his school in Spain, and Penfield and 
others in this country, contend that these cells are of meso- 
dermal origin and similar to the macrophages of the reticulo- 
endothelial system. Costero, using tissue cultures of nervous 
tissue, demonstrated that these cells transform into actively 
wandering macrophages which ingest vital strains and other 
particulate matter. His observations were very soon confirmed 
by other workers (54, 55, 97, 98, 107, 145, 146, 158). Today 
it is generally accepted that microglia is of mesodermal origin. 


The facility with which it is possible to grow embryonic nerve cells 
in vitro has led many investigators interested in developmental problems 
to use this technique for studying growth and differentiation. By this 
method it has been possible to observe the differentiation of neuroblasts 
from various portions of the central nervous system of the chicken (10, 37, 
38, 76, 78, 96, 135, 140). In the studies of the morphology of these cells 
(9, 72, 74, 77) it has been found that after a certain length of time in vitro 
they lose their characteristic shape, e.g., bipolar ganglion cells become 
multipolar and their processes anastomoze freely. Furthermore, it has been 
demonstrated that neuroblasts will not differentiate unless they are ac- 
companied by their surrounding tissue (142). 

Although the origin of the cerebro-spinal fluid is still a matter of con- 
jecture, the widely accepted theory that this liquid is secreted by the 
specialized ependymal cells of the choroid plexi in the adult and, in the 
embryo, also by the cells lining other parts of the ependymal canal, is 
supported by soime observations of these cells in vitro where they were 
found to secrete a liquid claimed to contain a proteolytic enzyme (48, 156). 
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Levi, one of the leading authorities on the subject, has published a de- 
tailed review of tissue culture technique with special reference to the 
nervous system. Other reviews are available (5, 11, 138). 

Further use of the technique has been made to study the effect on nerves 
of vitamin A deficiency (6), and to determine the effect of different drugs 
on nervous tissue (18, 39, 110, 119, 130). The latest developments in the 
field of tissue culture have been the cultivation of human fetal brain cells 
(47, 49), and of adult sympathetic ganglion cells (106). 


While little evidence exists for the possibility of achieving 
multiplication of neurons in vitro (Levi), their capacity to 
withstand long time life under these conditions (Meyer and 
Jablonski) and the ease of cultivating the supporting cells 
suggest that nervous tissue provides a useful object for testing 
immunological phenomena. 


Preparation of Anti-Brain Sera 


The anti-brain sera used in this study were obtained from 
rabbits immunized against chicken brain. 

Healthy, adult male rabbits were selected and 15 ml. of blood 
collected from the marginal vein of the ear to serve as the 
control serum for future experiments. The animals were then 
immunized by injections with the antigens into the marginal 
vein of the ear. Three types of antigens were used: suspension 
in saline of whole brain from newly hatched chicks; an alcohol 
extract of adult chicken brain; and the non-alcohol soluble 
residue obtained in preparing the preceding antigen. 

1. Preparation of whole brain antigen: The heads of newly 
hatched chickens were cut off, the brains quickly removed, 
weighed, and suspended to a 10% concentration in saline after 
grinding in a mortar. The resulting thick suspension was 
immediately injected into the rabbits. Fresh antigen was pre- 
pared for each of the following doses which were administered 
at three day intervals: 


1st injection................ 0.25 ml. 
2nd injection................ 0.50 ml. 
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3rd injection................ 0.50 ml. 
4th injection................ 0.75 ml. 


One week later the rabbits were bled and 20 ml. collected from 
the marginal vein of the ear. One month later a single injection 
of 0.75 ml. of the antigenic preparation was administered to 
produce an anamnestic reaction (Cannon). In the following 
week another 20 ml. of blood was collected. The following 
table shows the complement-fixation titres for antisera from 
two rabbits collected over a period of six months, during which 
time they received this type of immunization on several 
occasions: 





1st series of 2nd series of 





: antigen Anamnestic antigen Anamnestic 
Rabbit injections injection injections injection 
10/16/47 11/20/47 3/12/48 4/13/48 
esata ew ewn 1:600 1:600 1:5000 1:1000 
ee 1:300 1:500 1:2000 1:300 





There appears to be an individual variation in the capacity to 
form antibodies, rabbit +96 always showing a higher titre. 
The use of small amounts of antigen over short intervals greatly 
reduces the possibility of anaphylactic shock and the antibody 
titre is strong enough for the present purpose (Anigstein). 


2. Preparation of alcohol-soluble fraction: Fresh brains of 
adult chicken were mixed in a Waring blender with 10 times 
their volume of 95% alcohol, and stored in an incubator at 
37°C. for 10 days. During this time the extract was frequently 
shaken. At the end of the 10-day period, 200 ml. of the warm 
extract was filtered and the alcohol evaporated from it over 
a water bath. The residue, which consisted of a yellow, oily 
paste with a strong disagreeable odor, was suspended in 20 
ml. of 2% egg white in saline and emulsified by means of an 
Aero-Shak mechanical shaker for 15 minutes. The alcohol 
extract is a hapten and is therefore devoid of antigenicity unless 
a conveyor substance of protein nature with antigenic proper- 
ties is added to it. Egg white was chosen for this purpose as 
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it has been proven to be antigenic (62). One lot of antigen 
was prepared and stored in a refrigerator at 5° C. This lot was 
used for the whole course of immunization. 

The rabbits received 4 intravenous injections of increasing 
dosage separated by 3-day intervals: 


1st injection................ 1.0 ml. 
2nd injection................ 1.25 ml. 
3rd injection...............- 1.25 ml. 
4th injection................ 1.5 ml. 


One week later the rabbits were bled and 20 ml. of blood was 
collected. In less than 24 hours after being bled, both animals 
developed a paralysis of the hind legs. The paralysis became 
generalized and the rabbits died that same day. On examina- 
tion, their central nervous system showed a marked degree of 
edema, the white substance bulging wherever the pia was 
opened. The complement-fixation titres of the sera from these 
animals were: 


1:60 for animal #105 
1:500 for animal #106 
1:1600 for animal #109 


3. Preparation of the alcohol-insoluble fraction: The residue 
obtained on filtering the alcohol extract after 10 days incubation 
at 37°C. was dried in vacuo and suspended at a 10% concen- 
tration in 2% egg white in saline. After thorough shaking, 
it was allowed to stand and the milky supernatant decanted 
and used as antigen. This material was kept in a refrigerator 
at 5°C. and used throughout the immunization. The rabbits 
received four injections of 1 ml. intravenously at three day 
intervals. One week later they were bled and the sera was 
tested for complement-fixing antibodies. A significant titre 
was obtained in only one rabbit: #110................ 1:80. All the 
antisera were stored in a refrigerator at 5° C. 
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The Evaluation of Anti-Brain Sera 
Material and Method 


Cultures of nervous tissue were used to test anti-brain sera 
obtained by the methods described in the preceding chapter. 

The initial experiments established that all parts of the 
central nervous system react in a similar way to anti-brain 
sera, thus confirming the observations of Delezenne and Lewis. 
Therefore it appeared justified to use cultures of spinal cord 
throughout. This tissue may be readily prepared according 
to the standard technique devised by Pomerat et al.: 
The necks of embryos are cut at their base with scissors or knives. The 
spinal cord is expelled from the neural canal by compressing the tissue 
in the mid-dorsal line with two pairs of forceps moved alternately in the 
direction of the sectioned vertebral column. 
The segment of cord obtained is washed in Tyrode’s solution 
and then transferred to a ground glass slide and cut with sharp 
knives into fragments of less than 144 mm. thickness. 

Explants of embryonic spinal cord obtained from chicken, 
rat, guinea pig, and man, were used as a test object for the 
anti-brain sera. These cord explants were grown by the hanging 
drop method, in Carrel flasks, or in roller tubes, and observed 
for period varying from 24 hours to 7 days. 


Number of Embryonic Explants Studied 








Cord Cerebrum Cerebellum 
eS Ee ee re 600 16 16 
NM Sa acuccew wares eee es 91 16 16 
Rat—21-day ........ bith a Rekich whence tin 29 18 ; 
Ce A FO MIMS ios 5s ck wdc sine eis 24 - - 
en ee eee 24 24 24 





At the end of the incubation period, the cultures were fixed 
and stained using the following technique: 


Cultures were washed for 10 minutes in Tyrode’s solution 
at 37°C. and were fixed in Cajal’s formol bromide for 12 hours. 
ammonium bromide ............ 14 gm. 


formaldehyde 40% ............. 70 ml. 
distilled water added to........... 750 ml. 
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After being washed thoroughly in distilled water, the cultures 
were stained with Bodian’s technique according to Dr. M. R. 
Murray (unpublished). 


1. Carry tissues through 50% and 70% alcohol and store 
for 2 weeks in 80% alcohol. 

2. Carry down to distilled water through 70% and 50% 
alcohol. 

3. Prepare a 1% protargol solution by spreading protargol 
(Winthrop*) over surface of distilled water and allowing 
it to dissolve without stirring. (On stirring, protargol 
makes a froth and sticks to the sides of the beaker and 
rod used for mixing. ) 

4. Place about 5 to 10 gm. copper shot on the bottom of a 
staining jar. Pour 100 ml. of the protargol solution into 
the jar and immerse the cultures. 

5. Incubate for 24 hours at 38°C. 





*Winthrop has discontinued the manufacture of this type of protargol. 
The new type requires some alterations in this technique. 





PLATE I 


Printed from the original plate of Armand-Delille.* 
The effect of neurotoxic serum on the nerve cells of the dog. 


Fic. 1. Transverse section through a gyrus of the motor cortex. The pia 
is congested and infiltrated with leukocytes. The dog received 0.8 ml./kg. 
of neurotoxic guinea pig serum and died in 17 hours. Toluidine blue stain 
for Nissl granules. 

Fics. 2a and 2b. Cells of the motor nucleus of the facial nerve from the 
same dog as figure 1, showing complete chromatolysis. Toluidine blue 
stain for Nissl granules. 

Fic. 3. Cell of the motor nucleus of the facial nerve of a dog that died 
65 minutes after injection of the neurotoxic serum. Almost complete 
chromatolysis has occurred. Toluidine blue stain for Nissl granules. 

Fic. 4. Cell of the motor nucleus of the facial nerve of a dog that 
received 1.5 ml./kg. of normal guinea pig serum. No chromatolysis has 
occurred. Toluidine blue stain for Nissl granules. 





*Armand-Delille, P. F., 1906: Ann. de I|’Inst. Pasteur, 20:838-858. 
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Rinse in distilled water once. Place in the following 
solution for 10 minutes: 
hydroquinone 
formaldehyde 40% 
distilled water 
Cultures should look light yellow. 
Wash thoroughly in distilled water, changing the water 
at least 3 times. 
Place cultures for a few seconds until decolorized in 
1% gold chloride to which has been added 3 drops 
glacial acetic acid for each 100 ml. 
Rinse in distilled water. Place in 2% oxalic acid until 
cultures turn light purple (about 1 minute). 
Rinse in distilled water. Place in 2% sodium thiosulfate 
(Na,S.0,+,H.O) for 3 to 5 minutes. 
11. Wash thoroughly in distilled water. 
12. Dehydrate and mount in the usual way. 


On completion, the clot should be stained light pink, nerve 


fibres black, and cell nuclei red with black nucleoli. It is 
important to stress the necessity of storing the cultures in 80% 
alcohol for 2 weeks in order to insure the light staining of the 
clot. Cultures should be thoroughly washed after Step 5. If 
this has been done the gold solution will remain clear and may 








PLATE II 


Hanging-drop cultures of 9-day chick embryo cord after 48 hours 
incubation at 38° C. 


Fic. 5. Control culture grown in a medium containing 25% “normal” 
serum from rabbit #96. . 

Large amounts of fibres have grown ont of the explant. They branch 
repeatedly and form a dense network in the background. The explant 
can be seen in the lower part of the picture. Bodian’s stain. x160. 

Fic. 6. Culture grown in a medium containing 25% anti-brain serum 
(whole brain antigen) obtained from rabbit #96. 

Only a few short nerve fibres protrude beyond the edge of the explant. 
Bodian’s stain. x160. 








287 


The Evaluation of Anti-Brain Sera 

















288 Grunwalt 


be used over. Otherwise, a precipitate forms on the culture 
and on the cover slip. In this case the gold solution should be 
discarded. 

Another staining method was used combining two of Del 
Rio Hortega’s techniques: the double impregnation and the 
“nucleo-plasmatic” stain. 


1. Wash for 10 minutes in Tyrode’s solution at 37°C. 

2. Fix in Cajal’s ammonium bromide. 

3. Wash in distilled water. 

4. Place in 95% alcohol with 15 drops strong ammonia 
water in a paraffin oven at 60°C. for 30 minutes. 

5. Wash in distilled water. 


6. Place in 2% silver nitrate + 3 drops pyridine. Incubate 
in paraffin oven at 60°C. until yellow (about 15 
minutes). 

7. Wash in distilled water. 


Place in a covered jar with silver carbonate + 3 drops 
pyridine. Incubate in paraffin over at 60°C. until light 
brown (about 15 minutes). 


PLATE III 


Cultures of 9-day chick embryo cord showing the effect of anti-brain 
serum (whole brain antigen). 


Fic. 7. Culture grown for 48 hours in a medium containing 25% anti- 
brain serum (rabbit #97). 

Only a few short nerve fibres protrude beyond the edge of the explant. 
Bodian’s stain. x160. 

Fic. 8. Explant grown for 24 hours in a roller tube. After this period 
the medium was replaced by one containing the anti-brain serum (rabbit 
#96). The culture was fixed one hour later. 

The fibres which grew from the explant during the first 24 hours appear 
clumped and interrupted in their continuity. Bodian’s stain. x114. 
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siiver witrate 10% «....652.0-<00<. 30 ml. 
sodium carbonate 5% ........... 95 ml. 
Mix these two solutions and dissolve almost 
completely the heavy precipitate by adding 
strong ammonia water drop by drop and 
stirring vigorously. Add distilled water to 
450 ml. and store in a brown bottle away 
from the light. 


9. Wash in distilled water. 

10. Place 95% alcohol in 3 jars. Dip cultures about 1 minute 
in each. 

11. Place in silver carbonate again about 1 minute. 

12. Wash in distilled water. 

13. Place in 10% formalin. 


The procedure may be interrupted at this stage and the cultures 
washed, dehydrated, and mounted. If toning in gold is desired, 
proceed in the following way: 


14. Wash in distilled water. 


15. Place in gold chloride 1:500 at room temperature until 
light grey and then incubate in a paraffin over until 
light blue (about 15 minutes). 


16. Wash in distilled water. 








PLATE IV 


Hanging-drop cultures of 13-day chick embryo cord incubated 
for 72 hours at 38° C. 


Fic. 9. Control culture grown in a medium containing 25% “normal” 
serum from rabbit #96. 

The explant has extended in a sheet. Some individual cells have migrated 
into the clot which shows areas of liquefaction. Bodian’s stain. x54. 

Fic. 10. Culture in which the medium contained 25% anti-brain serum 
(whole brain antigen) obtained from rabbit #96. 

The explant has not increased in size and only a few “tongues” of cells 
appear at the free edge. Bodian’s stain. x54. 
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17. Place in 5% sodium thiosulfate (Na,S,0,+,H,O). 
18. Wash, dehydrate, and mount in the usual way. 


Success with this technique requires clean glass-ware and 
thorough washing in distilled water whenever indicated. The 
timing of steps 10 and 11 deperds on the room temperature: 
in a warm room the period should be shortened. However, it 
is advisable to stain a test slide in order to determine the correct 
timing. 

It is possible to achieve sometimes a very good impregnation 
of nerve endings by this method. Because of the inconsist- 
ency of the results and the difficulty in obtaining a lightly 
stained clot, Bodian’s technique was used in preference to that 
of Del Rio Hortega. However, the nerve endings themselves 
are not impregnated by Bodian’s method. 


Each type of anti-brain serum prepared was tested in three 


different ways: 


1. By setting up hanging drop cultures and adding the 
serum in a 25% concentration to a medium composed of 
25% embryo extract and 50% rooster plasma. 





PLATE V 


Roller tube cultures of 13-day chick embryo cord after 72 hours 
incubation at 38° C. 


Fic. 11. Control culture grown in a medium containing “normal” serum 
from rabbit #96. 

The explant can be seen as a slightly darker area in the lower part of 
the picture. Bodian’s stain. x114. 

Fic. 12. Culture in which, after 48 hours incubation in “normal” serum, 
the medium was replaced by one containing 25% anti-brain serum (whole 
brain antigen) from rabbit #96. 

After 24 lfurs incubation the cells have lost their staining properties 
and the nuclei have disintegrated. In contrast to the control, no further 
growth occurred from the original explant, the free edge of which remains 
sharply outlined. Bodian’s stain. x160. 





8 
3 
—D 
5 
8 
~ 
ne 
3 
£ 
x 
— 


.) 
I~ 
8 


The Evaluat 











294. Grunwalt 


2. By incubating the explants for 1 hour with the anti- 
brain serum and then washing them in Tyrode before 
placing into hanging drops in the usual medium, ie., 
25% embryo extract, 25% fowl serum, and 50% rooster 
plasma. 

3.. By starting cultures in roller tubes or Carrel flasks and, 
after 24 to 48 hours incubation, changing the medium 
for one containing the anti-brain serum to be tested. 


Control cultures were set up using the “normal” serum of the 
same rabbit before immunization instead of the anti-brain 
serum. All sera used in the same experimental set-up were 
diluted to the same complement-fixation titre. 


Results 


1. Effect of anti-brain serum obtained by injections of whole 
brain suspensions: When this type of serum was added in a 
25% concentration to hanging drop cultures of 9-day chick 
embryo cords, these explants showed, after 48 hours incubation, 
very restricted outgrowth. Only a few short, poorly branching 
fibres had migrated into the clot (Plate II, Fig. 6; Plate III, 
Fig. 7). On the other hand, the control cultures treated with 





PLATE VI 


Hanging-drop cultures of 9-day chick embryo cord after 72 hours 
incubation at 36° C. 


Fic. 13. Control culture grown in a medium containing 25% “normal” 
serum from rabbit #105. 

A large amount of fibres radiates from the explant at the foot of the 
photomicrograph and forms a dense network in the clot. Bodian’s stain. 
x160. 

Fic. 14. Culture grown in a medium containing 25% anti-brain serum 
(alcohol-soluble antigen) obtained from rabbit #105. 

The outgrowth of fibres is very similar to that of the control. Bodian’s 
stain. x160. 
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25% “normal” serum from the same rabbit showed a great 
number of nerve fibres which branched repeatedly and formed 
a dense network in the clot (Plate III, Fig. 5). 

The growth in “normal” rabbit serum of cord explants from 
13-day chick embryos was characterized by a spreading of 
the explant as a whole accompanied by liquefaction of the 
clot. The outgrowth was composed mainly of cells (Plate IV, 
Fig. 9) and not of fibres as in the case of 9-day cords. When 
the anti-brain serum was added to cultures of 13-day cords, 
the explants remained at their original size and no liquefaction 
of the clot took place (Plate IV, Fig. 10). 

When the explants of both 9-day and 13-day embryo cords 
were incubated with the antibrain serum for 1 hour and then 
placed into hanging drop cultures in a medium composed of 
25% embryo extract, 25% fowl serum, and 50% rooster 
plasma, only very slight or no inhibition of outgrowth 
occurred. 

Cord explants set up in roller tube cultures or in Carrel 
flasks were allowed to grow for 24 hours before the medium 
was replaced by one containing the anti-brain serum. The 








PLATE VII 


Hanging-drop cultures of 13-day chick embryo cord after 72 hours 
incubation at 38° C. 


Fic. 15. Control culture grown in a medium containing 25% “normal” 
serum from rabbit #105. 

The explant has extended to several times its initial size. Few cells 
have migrated into the clot which shows large areas of liquefaction. 
Bodian’s stain. x54. 

Fic. 16. Culture grown in a medium containing 25% anti-brain serum 
(alcohol-soluble antigen) obtained from rabbit #105. 

The explant has not extended and shows a necrotic zone characterized 
by irregular edges, in contrast to the smooth areas of liquefaction in the 
control. Bodian’s stain. x54. 
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fibres which had migrated into the clot during the first 24 
hours in the case of the 9-day cords, showed clumping and 
interruption of their continuity one hour after incubation with 
the anti-brain serum (Plate III, Fig. 8). Under the same 
conditions of culture, the cells which had migrated from 13- 
day embryo cord explants during the 48 hours of initial incu- 
bation, lost their staining properties and the nuclei became 
pycnotic (Plate V). This observation confirms that of Kimura 
who tested a similar type of anti-brain serum in tissue culture. 

In summary then. this anti-brain serum causes inhibition 
of the outgrowth of fibres and cells from 9- and 13-day chick 
embyro cords. 

2. Effect of anti-brain serum obtained by injections of an 
alcohol extract of whole brain: When this type of serum was 
added in a 25% concentration to explants of 9-day chick 
embryo cords in hanging drops, Carrel flasks, or roller tubes, 
no inhibition of the outgrowth nor injury to the fibres occurred 
in the experimental cultures which were indistinguishable from 
the controls (Plate VI). 


‘When the same type of serum was added to 13-day chick 


embryo cords in hanging drops, the effect produced (Plate VII) 
was identical to that of the anti-brain serum previously 





PLATE VIII 


Roller tube cultures of 13-day chick embryo cord after 72 hours 
incubation at 38° C. 


Fic. 17. Culture incubated in “normal” rabbit serum for 48 hours, after 
which time the medium was replaced by one containing 25% anti-brain 
serum (alcohol-soluble antigen) obtained from rabbit #105. 

Poorly staining cells with pycnotic nuclei. (Control culture: Plate V, 
Figure 11.) Bodian’s stain. x160. 

Fic. 18. Another culture with the same type of anti-brain serum from 


another rabbit (#106). Bodian’s stain. x160. 





The Evaluation of Anti-Brain Sera 





300 Grunwalt 


described (see page 296). The addition of this serum to roller 
tube cultures of 13-day cords which had been previously incu- 
bated with “normal” serum from the same rabbit for 48 hours 
resulted in the death of the cells which had migrated during the 
initial incubation period (Plate VIII). 

In summary, this anti-brain serum has no effect on the cul- 
tures of 9-day chick embryo cords but inhibits the outgrowth 
from the 13-day chick embryo cords. 

3. Effect of anti-brain serum obtained by injections of an 
alcohol-insoluble fraction of whole brain: This anti-brain serum, 
added in a 25% concentration to 9-day chick embryo cords, 
arrested nearly all outgrowth (Plate IX). The addition of the 
serum to 13-day chick embryo cords also resulted in an almost 
total inhibition of outgrowth (Plate X). Thus this serum acts 
as the anti- whole brain serum. 


Species and organ specificity of anti-brain serum tested in 
tissue culture. Anti-brain serum has been demonstrated to be 


nonspecies specific (8, 133, 161), i.e., a serum prepared against 
the brain of one species will react equally well with the brain 
of any other species. In order to test this, tissue cultures were 
set up of nervous tissue from 21-day rat embryos, 75 mm. 
crown-rump length guinea pig embryos, and a 22 mm. crown- 








PLATE IX 


Hanging-drop cultures of 9-day chick embryo cord after 48 hours 
incubation at 38° C. 


Fic. 19. Control culture grown in a medium containing 25% “normal” 
serum from rabbit #110. 

Numerous fibres have migrated into the clot. Bodian’s stain. x160. 

Fic. 20. Culture grown in a medium containing 25% anti-brain serum 
(alcohol-insoluble antigen) obtained from rabbit #110. 

Only a few short fibres have migrated into the clot. Bodian’s stain. 
x160. 
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rump length human embryo, and exposed to the anti-chicken 
brain serum. 

A slight inhibition was observed in the explants of rat embryo 
brain (Plate XI and XII). On the other hand, anti-brain sera 
had no effect on guinea pig and human nerve tissue cultures. 
However, these observations do not contradict the investigations 
previously reported since it has been proven, by other methods, 
that the rat and guinea pig do not acquire antigenicity until 
after birth (8) and that the nervous system of the human 
embryo is devoid of antigenicity until the fourth month of 
gestation (160). 

In order to test the organ specificity of the anti-brain serum, 
cultures were set up of other organs of 17-day old chick embryos, 
they showed that only the alcohol-soluble antigen is organ 
specific. The addition of the alcohol-insoluble immune serum 
and the anti-whole brain serum to the explants almost com- 
pletely limited the outgrowth. 


Discussion 


From the preceding description, the effect of anti-brain sera 
on 9- and 13-day chick embryo cords and other organs may be 





PLATE X 


Hanging-drop cultures of 13-day chick embryo cord after 72 hours 
incubation at 38° C. 


Fic. 21. Control culture grown in a medium containing 25% “normal” 
serum from rabbit #110. 

The explant has extended and numerous cells have migrated into the 
clot. Bodian’s stain. x54. 


Fic. 22. Culture grown in a medium containing 25% anti-brain serum 
(alcohol-insoluble antigen) obtained from rabbit #110. 

The explant has not extended and only a few cells have wandered into 
the clot. Bodian’s stain. x54. 
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summarized as follows: 





Whole brain Alcohol extract Alcohol-insoluble 





9-day cord — 
13-day cord oe 
other organs — 


+ inhibition + poor inhibition —no effect 





The alcohol-soluble fraction differed from the other two in 
that it had no effect on 9-day chick cords and is organ specific 
as far as this method can demonstrate. This difference seems 
to indicate that the chicken brain has two antigens: one alcohol- 
soluble, and the other alcohol-insoluble. The alcohol-insoluble 
antigen appears earlier in the ontogenesis of the chick and is 
not organ specific. In order to determine whether the different 
antigenicity of the 9- and 13-day chick embryo is linked with 
myelin, fresh sections of these cords were studied under polar- 
ized light. By this method no significant difference in the 
myelin content could be appreciated. 

The alcohol-insoluble antigen retains all the characteristics 
of the whole brain as far as its action on tissue cultures is con- 
cerned, but has less power to evoke antibodies in the rabbit 
than the whole brain antigen. 





PLATE XI 


Hanging-drop cultures of 21-day rat embryo brain after 4 days 
incubation at 38° C. 


Fic. 23. Control culture grown in a medium containing 25% “normal” 
serum from rabbit #105. 

A sheet of epithelial cells reaches across the field from the edge of the 
explant (lower part of the photomicrograph). Bodian’s strain. x60. 

Fic. 24. Culture grown in a medium containing 25% anti-brain serum 
(alcohol-soluble antigen) obtained from rabbit #105. 

Fewer cells have grown from the explant and form a whirl-like pattern 
at the periphery. Bodian’s stain. x60. 
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Conclusion 


Two different types of antigens from the chicken brain have 
been identified by studying the effect of their anti-sera in 
tissue culture. As test objects, explants of spinal cord were used 
as well as of other organs from chicken embryos of different 
ages. One antigen is alcohol-soluble and organ specific. It 
appears at the 11-day stage of the development of the embryo 
like the one described by Burke et al. The second antigen 
appears at the 8-day stage. It is alcohol-insoluble and non- 
organ specific. 

Examination of 8-day and 11-day embryo cords under polar- 
ized light revealed an equal myelin content. It seems, there- 
fore, that the antigenicity of these cords is not associated to 
the myelin demonstrable by this method. 


SUMMARY 


Anti-brain sera were prepared by injecting rabbits intra- 
venously with the following antigens: 
1. Suspension of whole chicken brain in saline. (Serum 
Type I) 
Alcohol-soluble fraction of chicken brain. (Serum Type 
II) 


Alcohol-insoluble residue of chicken brain. (Serum Type 


PLATE XII 


Hanging-drop culture of 21-day rat embryo cord after 4 days 
incubation at 38° C. 


Fic. 25. Inner zone of outgrowth of the culture shown in Figure 24. 


A number of intact cells can be seen among degenerating cells with 
pycnotic nuclei. Bodian’s stain. x700. 
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The immune sera obtained were tested on tissue cultures of 
spinal cord of 9- and 13-day chick embryos and also on other 
organs from 17-day chick embryos. 

It was found that the anti-brain sera Type I and III inhibit 
the outgrowth of 9- and 13-day chick embryo cords. On the 
other hand, the anti-brain serum Type II has no effect on 
9-day chicken embryo cord, and yet has the same effect as 
the other sera on the 13-day chick embryo cords. 

The cultures of other organs of the chick showed that only 
the alcohol-soluble fraction (Type II) is organ specific. 

It is concluded that there are two different antigens in the 
brain of the chicken. One is alcohol-soluble and organ specific, 
the other alcohol-insoluble and non-organ specific. The latter 
appears earlier in the ontogenesis of the chick. 
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THE EFFECT OF INTRAVENOUS PROCAINE ON THE 
ELECTROCARDIOGRAM OF MAN* 


Epmonp K. Doak Anp Oscar O. SELKE, JR. 


Procaine hydrochloride administered intravenously has been 
recommended as an effective treatment for a diversity of con- 
ditions. The relief of pain (1, 2, 3, 4), of severe pruritus (5) 
and of various allergic manifestations (6, 7, 8) has been the 
principal use for this therapeutic agent. The prevention and 
treatment of cardiac arrhythmias likewise have been investi- 
gated (9, 10, 11, 12, 13, 14, 15, 16,4, 17). Many of the reported 
experiments relating to treatment of cardiac conditions have 
been performed on experimental animals, and cardiologists 
have apparently approached with trepidation the use of pro- 
caine intravenously in heart disease. 

Recently Uhley and Wilburne (18) have reported changes 
in the electrocardiograms of dogs to which procaine had been 
administered by rapid intravenous injection. These workers 
found procaine, in the dosages used, to be a powerful depres- 
sant of conduction within the heart, and reported prolongation 
of the P R and Q R S intervals and alterations in the configura- 
tions of all the various complexes of the electrocardiogram. 
They record their conviction that these experiments demon- 
strate the potential hazards of procaine, and include in their 
discussion a supposition that diseased hearts might tolerate only 
fractions of customary dosages of procaine. 

Scrutiny of the electrocardiograms of the animals studied by 
Uhley and Wilburne and a casual study of their report might 
easily lead one to regard the intravenous administration of 
procaine as a procedure fraught with menace to the heart. How- 
ever. a more deliberate consideration of their methods and find- 
ings, along with a review of the references cited in their paper, 
leads to a much greater sense of security in the use of the 
usually recommended manner of treatment. 


*From the Departments of Clinical Medicine and Physical Medicine, 
Baylor University College of Medicine, and the Hermann Hospital, Houston. 
Received for publication March 22, 1949. 
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Most of the writers in the English and American literature 
who have advocated the use of procaine intravenously have 
suggested the use of one gram of the drug for the average 
patient, to be administered by slow intravenous drip, with a 
volume of solution between 500 and 1,000 cc. (1, 2, 4-8). One 
author (3), who recommended the use of larger doses for obstet- 
rical anesthesia, emphasized that a slow rate of administration 
and constant observation of the patient were imperative. The 
use of barbiturates in conjunction with intravenous procaine 
has not been recommended except in obstetrical anesthesia (3). 
The dogs used in the experiments of Uhley and Wilburne (18), 
on the other hand, were given fifty milligrams of procaine 
hydrochloride per kilogram of body weight, a dose which is 
roughly equivalent to 2.5 to 5 grams for a human being. The 
drug was administered in five per cent solution, the injection 
being completed within fifteen to one hundred and twenty 
seconds. The dogs were anesthetized with pentobarbital sodium 
to prevent the development of generalized convulsions, which 
otherwise would probably have followed. 

The rate of injection of procaine is of the utmost importance 
in determining its concentration in the body at any specific 
time, and hence in determining its pharmacologic effect. Es- 
terases present in the blood and various body tissues rapidly 
hydrolize procaine to its component parts, namely para amino 
benzoic acid and diethyl amino ethanol (19), neither of which 
affects the heart as powerfully as does procaine (20). The 
amount of procaine remaining in the body after an intra- 
venous injection varies directly with the rate of injection and 
inversely with the elapsed time (19), hence it seems reason- 
able to assume that when one gram of procaine hydrochloride 
is administered slowly by intravenous drip to a human being 
there is never more than a small fraction of this amount of 
procaine existing as such within the person’s body. 

The effect of intravenous procaine on cardiac arrhythmias 
has been studied in animals subjected to cyclopropane anes- 
thesia (11, 12, 13, 14, 15), and has been used topically on the 
epicardial surface of the exposed heart (9, 10) and intrave- 
nously in small rapid injections (16) as well as slow infusions 
(4) during thoracic operations to stop ventricular fibrilation 
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and other arrhythmias. Some mention has been made of the 
use of procaine in the treatment of cardiac arrhythmias aris- 
ing as a consequence or complication of chronic heart dis- 
ease (17). 


MetTHop 


In an effort to determine the apparent effect of procaine 
given intravenously in the usually recommended manner upon 
the presumably healthy human heart, an electrocardiographic 
study was made of a group of patients, each of whom had 
already been selected for intravenous procaine therapy of some 
fibrositic ‘or rheumatic disorder. These patients had been se- 
lected for treatment without any particular consideration hav- 
ing been given to their cardiac status. In each case one gram 

or less of procaine hydrochloride was administered by intra- 
' venous drip in 0.1 per cent concentration in physiological saline 
solution. The total time for the injection varied between one 
and three hours and the entire procedure was carried out under 
the constant close supervision of trained personnel. One of 
these patients reported no subjective sensations during the 
infusion, while others reported dizziness, numbness of the 
face, a sensation of thickening of the tongue, dryness of the 
mouth, nausea or a sense of unreality. The onset of any very 
definite subjective sensation of this sort was taken as an indi- 
cation for slowing the rate of injection. Slowing or stopping 
the Lajection relieved the abnormal sensation in a few seconds 
in each instance. Electrocardiograms were made on each patient 
immediately before ihe injection was begun and shortly before 
the termination of the injection when the effect was presumably 
at its height. Each tracing included the three standard leads, 
the three augmented unipolar extremity leads, and the pre- 
cordial leads V,, V,, and V,. 


Case REPorTS 


Case I. L. H., 59-year-old white female, with generalized 
myositis of the entire right shoulder girdle of two weeks dura- 
tion. No specific etiology was apparent. 500 cc. of 0.1 per cent 
procaine hydrochloride in physiological saline solution was 
given intravenously as rapidly as tolerated over a period of 
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214 hours, while diathermy was applied to the affected group 
of shoulder muscles. Dizziness prevented more rapid adminis- 
tration of the drug. 


BEFORE DURING BEFORE DURING 
PROCAINE — INJECTION PROCAINE INJECTION 


aVR 


FIGURE | 


The electrocardiograms shown in figure 1 reveal very little 
Signilicant change which may be ascribed to the infusion of 
procaine solution. In the preliminary electrocardiogram most 
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of the leads were significantly obscured by the electrical repre- 
sentation of the spastic somatic muscles of the shoulder girdle. 
In the electrocardiogram made during the latter part of the 
infusion of procaine this effect has been more sharply localized 
and is evident principally in those leads involving the right 
arm, namely lead I, lead II, and lead aVR. 
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PROCAINE INJECTION PROCAINE — INJECTION 





a 


d 
a 
i 





The Effect of Intravenous Procaine on Man 323 


Case II. R. S., 57-year-old white male, with generalized mod- 
erate rheumatoid arthritis of two years duration. 1,000 cc. of 
0.1 per cent procaine hydrochloride in physiological saline solu- 
tion was given intravenously over a period of one hour. The 
patient experienced no subjective effects of the procaine. 

f 
_ BEFORE DURING BEFORE DURING 
PROCAINE INJECTION INJECTION 


FIGURE 3 
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The electrocardiograms shown in figure 2 reveal bundle 
branch block which was not materially affected by the infu- 
sion of procaine. No significant change in conduction occurred. 
The amplitude of the various complexes in the standard leads 
and unipolar limb leads was slightly diminished, although not 
to the point of becoming abnormal. The precordial leads show 
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} some increase in amplitude of the complexes and slight changes 
in configuration which might as well be due to change in the 
level of the diaphragm as to an effect of the drug. 

Case III. J. G., 65-year-old white female, with long standing 
hypertension (220/100) and frequent attacks of angina pectoris, 
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was treated on this occasion for left subdeltoid bursitis of two 
months duration. 1,000 cc. of 0.1 per cent procaine hydro- 
chloride in physiological saline solution was given intravenously 
as rapidly as tolerated over a period of three hours, while dia- 
thermy was applied to the shoulder. Symptoms of too rapid 
administration were dryness of the mouth and drowsiness. 

The electrocardiograms shown in figure 3 reveal a diminu- 
tion in the effects of somatic muscle spasm and some slight 
but not significant diminution in amplitude of the various 
complexes in the standard leads and the unipolar limb leads. 
These changes, while perceptible, are not thought to be sig- 
nificant. 

Case IV. F. J., 49-year-old colored female, with active 
generalized rheumatoid arthritis of four years duration. Her 
blood pressure was 220/130. 1,000 cc. of 0.1 per cent procaine 
hydrochloride in physiological saline solution was given intra- 
venously as rapidly as tolerated over a period of 134 hours. 
The symptom of too rapid administration was a feeling of 
heaviness on the chest. 

The electrocardiograms shown in figure 4 demonstrate a lack 
of significant electrocardiographic changes during the infusion 
of procaine. 

Case V. W. G., 52-year-old white female, diabetic for three 
years. was controlled with 55 units insulin daily, and had 
been known to have active rheumatoid arthritis for two years. 
1,000 cc. of 0.1 per cent procaine hydrochloride in physiological 
saline solution was given intravenously as rapidly as tolerated 
over a period of 134 hours. Symptoms of too rapid administra- 
tion were dizziness and a feeling of panic. 


The electrocardiograms shown in figure 5 reveal a slight 
diminution in amplitude of the various complexes in the 
standard leads and the unipolar limb leads during the infusion 
of procaine. The precordial leads show a slight increase in 
amplitude of these various complexes. During the infusion the 
pulse rate was somewhat slower than before and the P R inter- 
val and Q T duration are both somewhat lengthened, although 
not more than might be expected from the slowing of the pulse 
rate. 
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Case VI. J. L., 24-year-old colored male, having pain in leg 
following left sacro-iliac separation and injury to sacral plexus 
three months previously. 1,000 cc. of 0.1 per cent procaine 
hydrochloride in physiological saline solution was given intra- 
venously as rapidly as tolerated over a period of 14% hours. 
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Symptoms of too rapid administration were dryness of the 
mouth and a feeling of thickness of the tongue. 

The electrocardiograms shown in figure 6 reveal minor 
changes during the infusion of procaine, with a slowing of 
the pulse rate and a moderate diminution in amplitude of the 
various complexes. The changes seen in the precordial leads 
might well be due to changes in the level of the diaphragm 
or slight variation in position of the exploring electrode. 


DiscussIoN 


Each of these patients was suffering from a marked somatic 
discomfort and consequently the tracings showed more of the 
effects of somatic muscle spasm and voluntary muscle move- 
ment than is ordinarily seen in electrocardiograms. These arti- 
facts were taken into account in the interpretation of the 
tracings, and those segments of the electrocardiograms which 
seemed most nearly to demonstrate the true state of affairs 
were selected for representation in the illustrations. 

All these cases were selected by the Department of Physical 
Medicine for treatment, without any particular attention being 
paid to the cardiac status. It seems from the information avail- 
able that five of the six patients might be expected to have 
hearts with less than normal reserve strength. In five of the 
six cases the rate of injection of procaine was such that definite 
subjective symptoms ensued, and the second electrocardiogram 
was made as nearly as possible at the time these subjective 
symptoms were present. 

When changes appeared in the electrocardiogram which 
might be ascribed to the infusion of procaine, these changes 
were largely of the same type; and, though extremely mild, 
suggested the pattern observed by Uhley and Wilburne follow- 
ing the rapid intravenous injection of toxic doses of procaine 
into animals. There was a slight slowing of heart rate which 
might well have been due to the period of bed rest and the 
general relaxation induced by the drug. There was occasional 
prolongation of the P R interval, the Q R S duration, and the 
Q T duration which was not beyond what might have been 
observed in simple slowing of the pulse rate. Since these 
various prolongations have been observed in exaggerated form 
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following the employment of toxic doses, however, they must 
perforce be regarded here as being due to the drug. Slight 
diminution in the amplitude of the various complexes was 
usually noted in the standard leads and the unipolar limb 
leads, and probably represents a consistent effect of the intra- 
venous infusion of procaine. It was only in the precordial 
leads, however, that any suggestion of significant change in 
configuration of the complexes was ever observed, and it must 
be remembered that in these leads a slight change in’ the 
position of the heart within the thorax can materially affect 
the configuration of the electrocardiogram. It is seen also that 
occasionally the amplitude of the complexes in the precordial 
leads taken in the fifth and sixth positions may be slightly 
increased while the amplitude of the complexes in the other 
leads is slightly diminished. 

It certainly cannot be held that absence of significant changes 
in the electrocardiogram following the exhibition of a drug 
establishes the fact that the drug is innocuous. Indubitably, 
procaine has killed many patients and in the future will kill 
more. An occasional person is extremely sensitive to the effects 
of procaine (21) and most of the deaths reported from the use 
of the drug have followed the administration of relatively 
minute amounts for the establishment of local anesthesia in 
minor surgical procedures. Lundy (5) has described a pro- 
cedure for determining sensitivity to procaine before the drug 
is administered therapeutically. 

The intravenous infusion of procaine should not be carried 
on without constant minute by minute supervision by trained 
personnel. There is marked variation in the rate of injection 
which can be tolerated by various individuals. A rate of injec- 
tion which is too slow may minimize the likelihood of thera- 
peutic benefit from the infusion, while a rapid rate may induce 
undesirable and perhaps disastrous consequences. It has been 
our experience that a safe margin exists between the develop- 
ment of subjective symptoms and the development of serious 
evidence of toxicity. The electrocardiograms illustrated in this 
paper would seem to indicate that the heart is not materially 
affected by a concentration of procaine in the body capable of 
causing subjective symptoms. 
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It is felt that this study demonstrates the relative safety, 
from the cardiological standpoint, with which the therapeutic 
effectiveness of intravenous injections of procaine may be ex- 
plored. The results of the injection of toxic amounts of the 
drug into animals (18) illustrate the consequences of overdosage 
or of the use of the drug in the hypersensitive individual. There 
is no obvious reason to suspect that diseased hearts are more 
than ordinarily sensitive to procaine. An irritable heart, ex- 
hibiting arrhythmia or ectopic beats, might well be expected 
to show an unusual resistance to the depressing effects of the 
drug. 


SUMMARY 


Electrocardiographic studies were made on six patients before 
and during the intravenous infusion of procaine hydrochloride. 
Very slight changes were noticed in the electrocardiograms, 
and it is concluded that these changes do not indicate signifi- 
cant depression of the myocardium. 
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INFLUENCE OF ANTI-ORGAN SERA UPON METABOLIC 
PROCESSES 


Ill. Tue Errecr or AntI-RETICULO-ENDOTHELIAL IMMUNE 
SERA UPON THE DEHYDROGENASE SYSTEMS* 


Dona.Lp MacpboNALpD 


Nowinski (1948) showed that there was no effect of Reticulo- 
Endothelial Immune Serum (REIS) on the oxygen uptake of 
rat liver slices and homogenates as compared with normal rab- 
bit serum. Preliminary experiments, however, by Frieden who 
used the Thunberg technique modified by Friedeman and 
Hollander (1942), indicated some changes in the activity of 
the dehydrogenases. Therefore it was important to check and 
extend these results using the classical Thunberg method. 


MeETHOoDs 
The digest consisted of: 


1. A homogenate of the spleen of freshly killed rat pre- 
pared in a homogenizer with 0.9% NaCl solution 
and diluted to 20% of tissue weight. 

. M/50 Glucose. 

. Phosphate Buffer at pH 7.0. 

. Methylene Blue, 0.025%. 

. Reticulo-Endothelial Immune Serum (anti-rat spleen) 
or control serum (normal rabbit serum). 


One ml. of a 1:1 mixture of serum and homogenate were com- 
bined with 0.25 ml. of the glucose solution and 0.25 ml. of the 
methylene blue solution. Phosphate buffer was added to make 
a total of 2.5 ml. The quantities used were exactly double 
those used by Friedeman and Hollander (1942). Controls were 


*This study was undertaken at the suggestion of Dr. W. W. Nowinski. 
His advice and encouragement is gratefully acknowledged by the author. 
Supported in part by a grant from the U. S. Navy (N6-onr-266-V). Re- 
ceived for publication March 26, 1949. 

From the Tissue Culture Laboratory, The University of Texas Medical 
Branch, Galveston, Texas. 
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set up in which the normal rabbit serum was used instead of 
REIS. 

Thunberg tubes containing equivalent measured amounts of 
the digest were kept in an ice bath until the process of air 
evacuation was commenced. They were then warmed in the 
hand and evacuated for three minutes with a water suction 
pump. Tubes were then placed in a water bath at 37° C. and 
the reaction time noted. It should be emphasized that although 
resulis obtained in one series of experiments done simulta- 
neously with the same stock solutions and substrates were 
almost identical, day to day results varied. 


RESULTS 


The activity of REIS was first compared to normal rabbit 
serum at various dilutions. The results of the experiments 
showed no definite differences between the reduction times in 
the presence of the homogenate with REIS as compared with 
that of normal rabbit serum. Two typical experiments are 
shown in Table I. In both of these experiments the final con- 
centrations of REIS and normal rabbit serum were 1:5. The 
time of decolorization of the methylene blue in the tubes con- 
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tainir.g REIS was 10-12 minutes or an average of 10.6 min- 
utes against the controls which showed decolorization in 10-11 
minutes, or an average of 10.5 minutes. The second experi- 
ment i this table with the same concentration of REIS and 
normal rabbit serum as in the previous experiments showed 
the average time of decolorization as 10 minutes as compared 
with 9.2 minutes for normal rabbit serum. 

From all our experiments therefore, with high concentra- 
tions of REIS, no influence upon the dehydrogenase activity 
could be observed. The question arose, however, whether there 
is a connection between the reaction time and the titre of the 
REIS. A typical experiment to check this problem is shown 
in Table II. The titres of anti-organ sera used were: 1:20; 
1:300; and 1:1500, the time of decolorization in all cases was 
equal to that of normal rabbit serum, i.e., six minutes. 








Taste II 
Reduction 
Tubes REIS Titre Dilution Normal Sera Dilution Time 
minutes 
1c 1:5 6 
2 7 
3c 1:5 6 
4c 1:5 6 
5 #100 1:20 1:5 6 
6 #100 1:20 1:5 6 
7 # 78 1:300 1:5 6 
8 # 78 1:300 1:5 6 
9 #101 1:1500 1:5 6 
10 #101 1:1500 1:5 6 





A total of eighteen series of experiments (in triplicate or 
quadruplicate) were performed. No differences could be found 
in the effect of REIS and normal rabbit serum on dehydrogenase 
systems. No differences could be found in the effect of REIS 
sera of complement fixation titres of 1:20 to 1:1500 and dilu- 
tions of the REIS from 1:1 to 1:10,000 produced no demon- 
strable differences as far as dehydrogenase action is concerned. 


Discussion 


From our experiments it follows that there is no inhibitory 
influence of REIS upon the dehydrogenase activity of the rat 
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spleen. The reduction times were practically the same as those 
of the homogenate with the normal rabbit serum, even in final 
concentrations as strong as 1:1 and 1:5. Experiments with very 
diluted sera which have a stimulating activity in tissue cul- 
tures (Pomerat, 1945), showed no effect either (although the 
final concentration was 1:10,000). From all these experiments 
the conclusion must be drawn that there is no inhibitory or 
stimulating activity of REIS upon the dehydrogenase activity. 
These results are in accordance with those of Harris (1948) 
who, working with an anti-Salmonella serum, could not ob- 
serve any influence of the latter upon the dehydrogenases in 
Salmonella. 


SUMMARY 


Using the Thunberg technique it was shown that REIS in 
concentrations from 1:1 to 1:10,000 of sera with complement 
fixation titres ranging from 1:20 to 1:1500 has neither inhibi- 
tory nor stimulating effect upon dehydrogenase activity of rat 
spleen. 
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OUTLOOK FOR IMPROVED DRUG THERAPY IN 
GERIATRICS* 


CuHAUNCEY D. LEAKE 


In considering the outlook for improvements in the handling 
of diseases of old age by means of chemicals, we must keep in 
mind one prime proposition: drugs can only make living cells 
do more or less what they are already capable of doing. In 
spite of much popular blurbing to the contrary, drugs cannot 
perform miracles. We can’t even dodge the cliché of admitting 
that we all have to die sometime. We may as well begin as 
early as possible to prepare ourselves for old age and death 
with grace, equanimity, and good humor. Drugs of course may 
help. They can be used very successfully to relieve pain. They 
can alleviate the unpleasant symptoms of many diseases. They 
can assist in the diagnosis of disease. They can also help in 
the prevention of many diseases. They can even cure a few 
diseases. Some of them may promote a person’s resistance to 
disease. But perhaps fortunately, they cannot prolong life 
indefinitely. 

The success of modern medicine in so profoundly increasing 
expectancy of life raises many serious problems. These have 
come upon us suddenly, and we are not prepared satisfactorily 
to meet them. They involve major adjustments in our entire 
cultural and social structure. They also suggest considerable 
reorientation in individual objectives and ways of living. In 
our -western civilization we now have among us for the first 
time in our history more people over 35 than under. The first 
half of the twentieth century may well be marked by future 
historians as the turning point in human affairs when a cul- 
tural background built on the majority of youth shifted to 
an unprepared situation with a preponderance of age. This 
may indeed be that critical point in our culture when its 
character changes from the eager vigorous wishfulness natural 


*Presented at a Symposium on Geriatrics at the dedication of the Smith, 
Kline and French Laboratories, Philadelphia, March 16, 1949. From the 
+ ao ame Laboratory, The University of Texas Medical Branch, 

veston. 
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for young people, to the more sober wiser realization of our 
limitations as is typical of old people. The reverberations of 
this situation in economics, politics, family life, cultural insti- 
tutions, indeed in all society, is soon to become overwhelming. 

The point is simply that our increasing number of old 
people are unprepared to take care of themselves. More signifi- 
cant perhaps is the fact that the rest of us, also becoming older 
every year, are unable satisfactorily to take care of them 
either, and we are not doing much to prepare ourselves for 
the time when we may be a social burden also. Under these 
circumstances what can be expected of drugs? The answer to 
this question depends on the objectives we may plan for our 
growing burden of oldsters. When our purposes are clearly 
defined we may be able to devise drugs to help. Clinicians, 
in specifying the kinds of drugs they want to obtain for old 
people from chemists and pharmacologists may well consider 
the pertinence of the objective proclaimed by the Journal of 
Gerontology: “To add life to years, not merely years to life.” 

The challenge is an enormous one. It may well be one of 
those critical cultural challenges discussed by Arnold Toynbee 
which may be decisive for the future of our civilization. Are 
we going to take the easy way by increasing use of escape drugs? 
Alcohol, opium, and now many other central depressant drugs 
have been long and widely used by individuals and indeed by 
entire societies, as escape mechanisms. This is an unsatisfac- 
tory response to the challenge, if we wish our culture to survive. 
On the other hand are we going to respond to the challenge 
by increased use of central nervous system stimulating drugs? 
Are we going to try to keep our cellular mechanisms operating 
at the highest possible pitch until they fail completely? It is 
part of the cultural tradition of the lusty frontier west to “die 
with one’s boots on.” Is the wise adaptation for the future 
of our culture somewhere between these extremes? 

Perhaps more efficient functioning of our complex bodies 
could continue into age if the framework of our tissue struc- 
ture could be maintained free from the gradual accumulations 
of cellular metabolic debris. Current interest in the reticulo- 
endothelial system may result in knowledge permitting develop- 
ment of drugs for its stimulation and for the preservation of 











338 Leake 


its generally protective functioning. It is a fact that old people 
in general have greater anti-body reserves than young folks 
and also greater resistance to histimine and allergic antigens. 
General senescence in many instances seem to begin with 
degeneration of connective tissue and secondary failure of 
cardic-vascular-renal function. Perhaps drugs especially those 
concerned with enzyme activity can be devised to maintain 
the integrity of the connective tissue, and thus delay the appear- 
ance of symptoms of senescence. 

A possible clue to maintaining the functional integrity of 
the reticulo-endothelial system, the connective tissue all over 
the hody which acts as its chief defense against disease, is 
offered in the studies of C. M. Pomerat at Galveston, Reuben 
Strauss of Los Angeles, and their associates. They have de- 
veloped reticulo-endothelial immune sera (REIS), the active 
fraction of which is a globulin, along the lines proposed by 
A. Bogomolets for anti-spleen and bone-marrow sera. In small 
amounts it may stimulate the defensive functions of connective 
tissue in a way reminiscent of my finding years ago that spleen 
and bone marrow administration directly will improve second- 
ary anemia. REIS in small doses will also promote healing. 
In large doses it blocks the reticulo-endothelial tissue and may 
be cytotoxic. 

The acuity of the problem of ald age would of course be 
reduced if there were not so many old people. It is clearly 
folly to attempt to block any part of medical or any other 
process which promotes life expectancy. On the other hand, a 
more satisfactory economic, political and indeed social solu- 
tion might ensue if population as a whole could be reduced. 

How silly it sounds to suggest fertility as a factor in solving 
the problems of old age! Nevertheless, planned parenthood, 
looking well into the family welfare for its future, might help 
materially in meeting the acute economic and social problems 
resulting from our huge increase in the total number of old 
people requiring care, comfort and sustenance. Since even the 
most conservative among us have admitted physiological con- 
trol of conception, the principle may be considered to be 
sociatly acceptable. To become socially effective, however, may 
require great intellectual effort indeed. Nevertheless, even if 
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population restriction can be achieved, the ratio of old to young 
seems permanently to be altered from what we have built our 
culture upon. 


Proposed Program for Old Age 


The success of our nation-wide program for promoting child 
health over the past half century suggests that a similar broad 
program might succeed in training for old age. Thanks to the 
vigor of our pediatric leaders we have made our people gen- 
erally aware of the importance of prenatal training and careful 
management of infants. We have succeeded admirably in a 
broad child health program which includes regular medical 
and dental examinations, attention to training habits, school 
lunches, home and recreation supervision, and full rehabilita- 
tion of the physically handicapped. It is to be noted that we 
tend in a general social and co-operative manner to neglect 
religious training. It also is to be noted that we stop the whole 
process in adolescence. It is also to be observed that a major 
emphasis is placed upon nutrition. There is no doubt that we 
are developing bigger physical specimens in our children, but 
the question may well be asked are they better, biologically, 
socially, or individually. 

The general success of the pediatric program suggests, how- 
ever, that a similar attempt might be inaugurated in relation 
to geriatrics. The general objective of an effective old age 
program would seem reasonable on the basis of helping indi- 
viduals to grow old with dignity, equanimity, and ability io 
take care of themselves till death. The technique of procedure 
might develop in a fourfold manner: (1) early consideration 
of the. objectives in high school, college and young adult life; 
(2) promotion and development of every possible opportunity 
for the cultivation of individual hobbies, crafts, intellectual 
curiosities, and artistic satisfaction; (3) systematic promotion 
of every opportunity for economic independence and resulting 
psychological sense of security, and (4) a systematic and com- 
prehensive regimen for physical and mental hygiene. This 
program is a tremendous one to contemplate. Nevertheless, 
the severity of the situation justifies its earnest consideration. 
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For such an old age program local social agencies might be 
persuaded to co-operate. It would require a broad scale promo- 
tion of the effort in high schools and colleges. It would cer- 
tainly necessitate broad co-ordination on a state and national 
level. A comprehensive geriatric program, once it were appre- 
ciated and adopted in principle, might be expected to develop 
in the same way as the general pediatric program has pro- 
gressed in the past. In such a geriatric program, drugs might 
help chiefly in the promotion of physical well being, and in 
counteracting the inevitable tendencies to deterioration. 

Was not such a program recommended for us centuries ago? 
Did not Aristotle emphasize the importance throughout life 
of promoting harmonious adjustments to one’s environment? 
Did not Socrates and Plato emphasize the significance of 
equanimity and individual dignity, especially in old age? You 
will recall that Cicero in his great essay De Senectute said, 
“T am praising that old age which has its foundations well laid 
in youth. . . . When the preceding part of life has been well 
spent, old age gathers the fruit of that influence at the last.” 
It is significant that A. R. Chandler is currently emphasizing 
the contributions that can be made to a successful geriatric 
program from a consideration of the wisdom of the past. 

It is interesting that modern effectiveness both in pediatrics 
and geriatrics began during the “era of enlightenment” in the 
18th century. Pediatrics was well established, with the general 
principles on which it has since developed, by Walter Harris 
(1647-1732), William Cadogan (1711-1797), Nils Rosen von 
Rosenstein (1706-1773), George Armstrong (1735-1781), and 
Michael Underwood (1737-1829). In comparison, however, 
works on geriatrics were few. The number of old people was 
simply not enough to make the subject worthwhile. Old peo- 
ple were themselves curiosities and objects of considerable awe 
as they had always been throughout history. 

The earliest systematic medical work on geriatrics was pub- 
lishe4 in 1724 by Sir John Floyer (1649-1734). Sir John was 
a skilled clinician for his time. It was he who first attempted 
to estimate cardiac action by accurate counting of the pulse, 
using his famous “pulse watch.” He also was among the first 
to describe emphysema and to give a systematic study to 
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asthma. It is clear that there could not have been many old 
people to make geriatrics a serious problem, since the next 
work on the subject did not appear until a century later. This 
was the study by Carl F. Canstatt (1807-1850). Until the 
current interest in geriatrics the only other significant contri- 
bution in the 19th century to the subject was made by the 
great French neurologist, Jean Martin Charcot (1825-1893). 
It is noteworthy that Charcot, who laid the foundation for 
modern psychiatry, should have appreciated the importance 
of a systematic attempt at management of old people and the 
chronic diseases of old age. Charcot, like Cicero, appreciated 
the importance of mental hygiene as the most satisfactory 
prophylactic for the disturbances to be encountered in old age. 

Geriatrics is the most recent of medical specialties to develop. 
Its rise results from the medical achievement of prolonging 
life. More contributions to geriatrics have appeared in the last 
50 years than in all the previous history of culture. An appro- 
priate broad program for preparation for old age is in the 
making. Many of our current writers on geriatrics are em- 
phasizing the importance of beginning to prepare for old age 
during adolescence. There is double barrelled wisdom in this 
procedure: it helps our young people to appreciate their oldsters 
better, and it also helps our young people to begin the neces- 
sary conditioning of themselves to approach old age with dig- 
nity, grace, equanimity, and security. 


Drugs in Geriatrics 


K. K. Chen, the distinguished pharmacologist, is the first to 
give systematic consideration to principles of pharmacology as 
applied to the aged. He emphasizes three general metabolic 
alterations in old people which are important with relation to 
drugs: (1) increase in antibody production, (2) increase in 
vitamin requirement, and (3) decrease in the intensity of his- 
tamine action. The increase in antibody production with age 
is a reflection of bodily response to increased contact with 
antigens. It is important in reducing the tendency toward 
allergic reaction to foreign proteins or to drugs. The increase 
in vitamin requirement in the aged is a reflection of senility 
of cells and of the necessity of supplying building stones for 
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the maintenance of their enzyme systems. The reduction in 
sensitivity to histamine seems to be a reflection of changes in 
cell membranes, reducing their ordinary permeability reactions. 

One might emphasize the changing response to drugs in age 
as a result of impaired absorption and distribution. There is 
reduced renal function in age, thus suggesting caution in giv- 
ing drugs excreted by the kidney, so as to avoid cumulative 
toxicity, as with bromides and iodides. On the other hand 
many common drugs are apparently more toxic in old people 
than in adults or adolescence. Alcohol, the digitalis drugs, and 
morphine compounds are more toxic for the aged than for the 
healthy adult. Conversely older people are more sensitive to 
these drugs than the healthy adult. Sulfa drugs are also better 
tolerated by the young than by the old. Bryce finds that allergy 
to the cincophens increases with age. The increased sensitivity 
of old folks to drastic purges may be due to their lack of water 
reserves to withstand dehydration. 

There is greater surgical risk among older people than among 
healthy adults. Successful anesthesia is more difficult with 
older people than with healthy adults. More depends on the 
skill of the anesthetist than on the character of the anesthetic 
agent, however. If a smooth rapid inhalation anesthetic is 
desired for old people, perhaps vinethene is indicated. Its chief 
disadvantage is the possibility of liver injury on prolonged ad- 
ministration. Ether, however, is slow and likely to cause un- 
pleasant lung involvement. Chloroform is apt to result in 
acute liver injury in the aged. Cyclopropane may give cardiac 
involvements which could be serious in the aged. Old folks 
tolerate local anesthesia well. The barbiturates for anesthesia 
or depression are generally quite satisfactory in old people. 
Since the homeostatic mechanisms are impaired in aging, 
hemorrhage and shock are more serious in older people than 
in healthy adults. This indicates the importance of prompt 
therapy with blood or plasma in managing these conditions. 

Hormones have been a disappointment in old age. The per- 
sistent demand of human beings over the centuries to stay 
young has no more been satisfactorily met by hormone therapy 
currently, than by the use of “elixirs of life,” under which term 
potent alcoholic beverages were mystically introduced by the 
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alchemists with their invention of distillation, in medieval 
times. In spite of popular wishful thinking to the contrary, 
sex hormones do not rejuvenate old people, nor do they main- 
tain the qualities of youth as age advances with the years. 
As with alcohol, there may be enough temporary effect to 
give the psychic hope of greater effect with greater or pro- 
longed use. So far this vain hope has not been justified. 

The maintenance of the vigor of youth has been the desire 
of everyone who considers the approach of age. It may be 
possible to devise combinations of hormones and vitamins, with 
other enzymotic factors to give reasonable promise of main- 
taining some of the freshness of youth for a longer period in 
the total life span than is now the case. T. S. Gardner finds 
that pantothenic acid is the chief anti-aging factor in the royal 
jelly of bees, as tested statistically on large numbers of fruit 
flies. He has further shown a substantial increase statistically 
in the life span of fruit flies by supplementing their food with 
biotin, pyridoxine, calcium pantothenate and yeast nucleate. 
The yeast nucleate indicates the operation of still unknown 
factors of possible enzymic: importance. These observations on 
vitamins in extending the life span raise again the question as 
to whether it is worthwhile to do so unless we make life more 
worth living. The preservation of the youthful turgidity of tis- 
sues for longer periods than ordinarily is the case, through the 
use of panothenic acid, suggests the possibility of enhancing 
those youthful factors that all of us hope to retain until we die. 

Chen concludes his consideration of pharmacological prin- 
ciples as applied to the aged by indicating the importance of 
prophylactic measures in geriatrics. He says, “Before persons 
approach senility, they should be educated to realize the gradual 
changes that are to take place, and also, certain limitations of 
their capacities during old age. They should be prepared io 
utilize their leisure and knowledge to the best advantage, and 
to minimize the possibility of becoming a burden to society. 
They must be protected from trauma, somatic, or psychic in 
origin. No drug will prevent aging, nor will any remedy re- 
juvenate senescent individuals. The list of drugs producing 
dramatic results is small. Others, at their best, only add com- 
fort to or improve the health of, elderly persons.” This might 
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appear on superficial reading to be a pessimistic statement. 
Actually it is a calm and sensible realization of conditions as 
they are. These conditions raise a challenge. Can we develop 
drugs that may help in the management of old age? The 
answer depends upon our general objectives with respect to 
old people. Do we wish to keep them alive indefinitely? Do 
we wish to improve their comfort and happiness during the 
ordinary expectation of life? Do we wish to help old people to 
live with greater dignity and self-sufficiency? Do we wish to 
help old people to be better able to take care of themselves and 
to be less of a burden upon their friends, relatives, or society? 
Do we wish to make the inevitable approach of death more 
bearable? In brief, do we wish to help them to die with indi- 
vidual dignity when their biological time for death has come? 


Euthanasia 


These serious questions inevitably raise the problem of eu- 
thanasia. By tradition and experience physicians are com- 
mitted to do everything possible to prolong life. The ethical 
aspect of this commitment is sound. One need but recall the 
many instances when great happiness for the individual, his 
relatives and his friends, as well as benefit to society as a 
whole, has resulted from exerting every possible effort to 
prolong the life of a seemingly “hopeless incurable.” On the 
other hand, it frequently happens that the prolongation of life 
in a comatose cancer patient, or in a demented or unconscious 
old person, causes intense suffering and hardship to that per- 
son’s relatives and friends. Even though the individual may 
be unconscious or have no functioning brain for memory, it 
is still traditionally felt necessary to try to prolong life. 

While custom, tradition, experience, social sanction and law 
condemn the use of any positive agency to put an end to life, 
even under conditions of extreme suffering or incapacity, there 
is a growing social appreciation of the wisdom of allowing 
a physician to use reasonable judgment in permitting nature 
to take its course, so that the comatose or vegetating person 
may die easily and without pain. Certainly any physician 
who plans to enter the field of geriatics must carefully con- 
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sider the problems that may arise in trying to blunt the scythe 
of the relentless reaper. 


New Drugs for Old People 


The social acceptance or regulation of drugs depends to a great 
extent upon their toxicity. Drugs with a high intensity of 
action from small dosage and with accompanying high toxic 
effect are generally apt to be carefully regulated in the interest 
of social welfare. On the other hand, drugs, especially crude 
mixtures which have a wide range of dose-effect relationship, 
such as tobacco, tea, coffee, salt, vitamins, and even mild fer- 
mented beverages, are generally socially acceptable for such 
degrees of central nervous system stimulation or depression as 
they may afford the individual user. The amount of the drug 
taken by the individual depends on his experience with it and 
the effect in himself which he wants to get. 

Another example may be cited in the experience an indi- 
vidual may accumulate with cathartics. Bowel disorders, with 
annoying constipation, are among the dreaded tortures of old 
age. Wide experience has taught the value of regularity in 
eating and bowel habits. The aromatic fluid-extract of cascara 
sagrada has been found by extensive clinical experience to be 
the most effective, least toxic or locally irritating, and most 
satisfactory when repeated use is indicated. The tannins, resins, 
gums and similar ingredients in the crude preparation smoothly 
dilute the acute irritating effect of the anthracene active agents. 
It is not likely that better mixtures for the purpose can be 
devised. 

It is entirely possible that pharmacologists and chemists 
working together with gerontologists can devise mildly acting 
drugs which have a wide range of dose-effect relationship for 
specific stimulating and depressant action in accordance with 
indications in old people. In general it would seem wise to 
utilize drugs that might reduce muscular tension in the aged, 
and thus tend toward greater relaxation and calmness. In 
general, it would seem wise to utilize such chemicals as might 
assist in promoting equanimity and euphoria, especially in the 
presence of unpleasant environmental factors, Can socially 
acceptable drugs be developed to accomplish these purposes? 
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The increasing number of older people among us who might 
be benefited from such drugs, could they be produced, would 
seem to justify the effort, in the interest of the general welfare 
of society. Such drugs might make life more bearable both to 
the old individuals themselves, and to those relatives and friends 
or others who might have to take care of them. 

The characteristic diseases of old age are cardiovascular- 
renal, and cancer. The sufferings from these diseases may be 
alleviated. Indeed there is the strong possibility that cancer 
may be prevented or cured. There does not seem to be the 
possibility of maintaining the heart, blood vessels, and kidneys 
in effective functioning condition indefinitely. And _ besides 
do any of us want to? Are we still so conditioned to the hope of 
immortality that we want to live forever in the flesh? Will it 
not be possible for us some day to realize that death is a part 
of life, and for new life to be possible it is necessary at some 
time or other to get rid of the encumbrances of old life? Would 
we not be all willing to accept death when the time comes for 
us, in order that young life may come to take our place? 

We have had some success in devising detailed specifications 
for particular drugs wanted for a certain purpose and in syn- 
thesizing a chemical agent to fit the pharmacological and clini- 
cal design. Success in such an effort requires much appreciation 
of biochemorphology, the study of the relationship between 
chemical constitution and biological action. There are certain 
specifications desired in all drugs: low toxicity on single or 
repeated administration, high effectiveness in the way desired, 
freedom from undesired side action, freedom from cumulative 
effect, ease of administration, prompt action, lasting action on 
single administration, ease of manufacture, and low cost. For 
specific purposes for older persons, added specifications would 
have to be designed, with particular reference to the type of 
action proposed. 

What is wanted with drugs in managing old age? It would 
seem that improvements in the following types would be 
helpful: (1) drugs that may prevent or cure cancer; (2) drugs 
that may alleviate the symptoms of cardiovascular-renal dis- 
ease; (3) drugs which will improve the activity of the reticulo- 
endothelial system and promote greater resilience of tissue and 
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greater protective action from the lymphoid, blood forming, 
and connective tissues, (4) drugs which may reduce sensitivity 
to sensory annoyances, produce some degree of euphoria, and 
relieve muscle tension, without inducing inco-ordination or 
drunkenness; (5) drugs which may stimulate brain activity, 
without inducing nervousness, restlessness, irritability, or in- 
creased muscle tension, (6) drugs which may maintain the 
functional activity of the gastro-enteric tract so as to promote 
the enjoyment of eating, and (7) drugs which may maintain 
the functional enzyme systems of cells generally so as to keep 
metabolic processes in satisfactory condition. 

There is possibility of developing drugs for these purposes. 
It will require careful co-ordination of synthetic organic 
chemists, pharmacologists, and clinicians who are interested 
in the problems of old age. It will require a vast amount of 
experimental work involving standardized old animals of 
various species. It will also necessitate careful clinical study 
on relatively large numbers of old people under various con- 
ditions. The challenge, however, is great enough to justify 
intensive effort in the directions proposed. 

As a final example of the promise of developing drugs for use 
in the characteristic infirmities of age, we might consider the 
situation regarding paralysis agitans. This is one of the distress- 
ing afflictions of older people. “Myanesin” (or tolserol which 
is the public name of the chemical, dihydroxy-methylphenoxy- 
propane) is said to be helpful intravenously, as also is the new 
Swiss synthetic called “Parpanit.” Bovet, in studying new 
synthetic anti-histamine drugs, finds phenothiazine compounds 
helpful in paralysis agitans. Goodman and McCawley have 
proposed the study of benzimidizols for possible use in paralysis 
agitans. These compounds wou!d have the advantage of oral 
administration. In this illustration involving one of the more 
difficult disturbances of old age there are seen many types 
of compounds worth investigation. Promise already exists for 
the discovery of effective low toxic agents which may be useful 
to the physician in trying to relieve the symptoms of the dis- 
order. This hope suggests the possibility of similar openings 
in other disturbances of old age if we are willing to look. 
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Now, it seems ridiculous, in concluding, to have talked for 
thirty minutes and to have said merely that the outlook for 
improved drugs for geriatric use is dim. Yet this is part of 
the challenge. Let us patiently subject crude drugs again to 
careful pharmacological analysis. We may obtain, as Doctors 
Krayer and Wilkins have with veratrum, new information 
which may be profitably applied to the better management of 
the diseases of old people. Let us use new tools in studying 
well-known types of drugs, as digitalis or the mercurial 
diuretics, as Dr. Burch and Dr. Gold suggest. We may un- 
cover clues helpful in application to promoting better living 
for the aged. Let us steadfastly pursue each significant new 
kind of drug, such as the anti-coagulants, the anti-histamines, 
the antibiotics, or even the anti-appetizers, to get the best anti- 
for the job to be done. 

Let us, above all, strive to develop those principles of drug 
action which may best aid us to understand and to judge what 
may be useful in promoting the welfare of the old. 

By sponsoring this important symposium on geriatrics, the 
Smith, Kline & French Laboratories have taken an important 
step in recognizing the significance of a great new problem for 
medi:ine. It is particularly challenging with respect to the 
possibility of improved drugs for effective use in the manage- 
ment of old age. Here in this great new laboratory are the 
facilities for beginning the studies suggested. Let it be hoped 
that the research may quickly be undertaken, that it may be 
steadfastly maintained, and particularly that it may be success- 
ful in every way, and especially for the satisfaction of our in- 
creasing number of old people. 
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THE EFFECT OF THYMIC EXTRACTS ON NEURO- 
MUSCULAR RESPONSE 


G. A. Constant, E. L. Porter, A. ANDRONIS, AND 
J. A. RipEr* 


The symptoms of muscular weakness in myasthenia may be 
best explained on the theory that conduction from motor-nerve 
to muscle is blocked. Neostigmine, introduced by Walker 
(1935), affords dramatic relief. It is believed that its chief 
action lies in reducing the amount of choline-esterase at neuro- 
muscular junctions, thereby allowing a sufficient amount of 
acetylcholine to persist and to permit normal muscular con- 
traction. 

Surgical removal of a persistent thymus, as reported by 
Blalock (1939, 1944), Viets (1945), Keynes (1946), Adams 
and Allan (1947), Clagett and Eaton (1947), Harvey (1948), 
and others, results often (but not always!) in either a com- 
plete cure or improvement in myasthenia gravis. The obvious 
inference is that such a persistent thymus may be producing 
a curare-like substance, which in abnormal amounts causes 
the symptoms of the disease. We have been conducting experi- 
ments to test this theory, and although the research is still in 
progress the results seem definite enough to warrant this pre- 
liminary report. 


MATERIAL AND METHOpDs 


Mammalian Nerve-Muscle Preparation: Tissue extracts were 
injected into the carotid artery of a cat prepared in a special 
way as described by Porter and Wharton (1949). A cat with 
brain and cord pithed is maintained with artificial respiration. 
The tibialis anticus muscle is prepared to record its contrac- 
tions. The peroneal nerve is cut and drawn into a glass tube 
electrode with care to leave its blood supply intact. Branches 
of the peroneal nerve to muscles other than the tibialis anticus 
are severed. The nerve is stimulated once every three seconds 
by break shocks from a large inductorium. If the contractions 





*From the Carter Physiology Laboratory of The University of Texas 
Medical Branch, Galveston. Received for publication April 6, 1949. 
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have been reasonably regular for several minutes the extract 
to be tested is injected into the carotid artery. 

Thymic Extract (Myasthenia Gravis): The thymus glands 
from two patients with myasthenia gravis were used. One of 
these was removed at surgery while the other was claimed at 
post-mortem examination. 

Thymic Extract (Non-myasthenic): The thymus gland from 
a ten-year-old colored child suffering from neuroblastoma of 
the right adrenal gland was obtained at post-mortem study. 
Pooled thymic extracts from ten dogs were also employed. 
The spleen from the patient with the neuroblastoma was also 
utilized in two instances as a control. 

Preparation of Extracts: The tissues were emulsified in 
1:5 dilution of physiological saline for a period of two to three 
minutes. This emulsion was then passed through a glass wool 


{ / 


Ab 94, a es 


frecd 





Fic. 1. Effect on muscle contraction height of an injection of 5 cc. of 
extract of thymus from a case of myasthenia gravis. Nerve-muscle prepara- 
tion in cat with brain and cord pithed. Injection into carotid artery. Time 
in minutes. 
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filter, the filtrate being used in all determinations. For storage 
purposes the extracts were frozen. Usually the injections con- 
sisted of 10 cc. of the extract in question. Occasionally, how- 
ever, 5 and 8 cc. doses were tested. 


RESULTS 


Figure 1 is a record of a typical response to thymic extract. 
The arrow indicates the injection of 5 cc. of a saline extract 


Summarizing data of effects on muscle contractions 
and other extracts. 


TaBe | 


of cat tibialis anticus of thymic 





Surgical 
myasthenic 
thymus 


Post-mortem 
myasthenic 
thymus 


Post-mortem 
thymus, adrenal 
neuro-blastoma 


Post-mortem 
spleen, adrenal 
neuro-blastoma 


thymus 





marked decrease 
(expt. 1, cat 1) 


moderate decrease 


(expt. 3, cat 2) 


marked decrease 
(expt. 2, cat 3) 


increase 


| (expt. 2, cat 4) 


marked decrease 
(expt. 2, cat 7) 





slight decrease 
(expt. 2, cat 1) 


moderate decrease 


(expt. 1, cat 6) 


slight decrease 
(expt. 1, cat 4) 


| increase 


marked decrease 
(expt. 3, cat 7) 





marked decrease 
(expt. 3, cat 1) 


| marked decrease 


| marked decrease 
| (expt. 1, cat 5) 


| expt. 2, cat 5) 





decrease 
(expt. 1, cat 2) 


| (expt. 2, cat 6) 


| marked decrease 


(expt. 1, cat 7) 





marked decrease 
(expt. 2, cat 2) 








doubtful decrease 


(expt. 1, cat 3) 








slight decrease 
(expt. 3, cat 4) 


| 
| 
| 














of a thymus removed at surgery from a patient (19 years old) 


with myasthenia gravis. 


Within three minutes contraction 


heights were reduced about one half. This effect persisted for 
several minutes after which there was gradual recovery to 
nearly the original contraction height. 


The results of all of our experiments to date are sum- 
marized in Table I. Data are offered on seven satisfactorily 
prepared cats. It will be seen that seven injections of surgical 
myasthenic thymic extract in four animals effected diminished 
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muscular contractions in five instances. Results in two tests 
were doubtful. Three injections of autopsied myasthenic 
thymic extract in two animals yielded one doubtful and two 
positive results. Four injections of autopsied non-myasthenic 
thymic extract in four cats diminished muscular contractions 
in each case. Two injections of autopsied non-myasthenic 
splenic extract (from the same patient with the non-myas- 
thenic thymus) increased the height of muscular contractions. 
Two injections of pooled dog thymic extract in one animal 
reduced muscular contractions both times. In all but one in- 
stance when the muscular contractions were reduced there 
was recovery of the contraction height. 


Discussion 


The data from these experiments indicate the presence in 
saline extracts of the thymus gland, whether normal or from 
a case of myasthenia gravis, of a substance capable of reducing 
neuro-muscular response to a given stimulus. McEachern 
(1943) using a different method was unable to demonstrate 
any effect. 

Trethewie and Wright (1944) have shown that the thymus 
gland from a patient with myasthenia gravis inhibits acetyl- 
choline synthesis whereas the thymus from a non-myasthenic 
does not. Torda and Wolff (1944) have demonstrated similar 
results with the sera of myasthenics. These findings may 
possibly explain the mechanism of the action of the thymic 
factor. 

As already suggested by McEachern one of the roles of the 
thymus gland in the body economy is perhaps that of an in- 
hibitor of muscular contraction. Its greatest size occurs in 
fetal and post-natal life when uninhibited violent muscular 
contractions might be harmful to the organism. As the child 
grows and is able to exercise more voluntary control of muszu- 
lature there would be less adaptive inhibition involved. Con- 
sequently the mechanism responsible for such muscular inhi- 
bition would be expected gradually to diminish. However if 
a large thymus persists, the accumulating effect of its muscle 
inhibiting factor could be expected to cause the symptoms of 
myasthenia gravis. 
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Further experiments are in progress in the attempt to con- 
firm the findings described in this preliminary report. The 
thymic extracts used are being assayed for choline esterase 
inhibitor. 

SUMMARY 


Injection of thymic extract (myasthenic as well as non- 
myasthenic) into the general circulation of a cat was found 
to diminish the contraction height of a muscle stimulated 
through its motor-nerve. Splenic extract injected into the same 
preparation was observed to augment neuro-muscular response. 


The authors express their thanks to Joarf Connolly for her 
technical assistance in this study. 
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CALLING ATTENTION TO: 
Marcu, 1949 


Cu.trura.: J. D. Carr well biographizes Sir Arthur Conan Doyle (Harper, 
N.Y., 49, 320 pp., $3.50). J. B. Conant discusses force and freedom (Atlantic, 
183/19/49). L. M. Knapp offers Tobias Smollett: Doctor of -Men and 
Manners (Princeton, 49, 410 pp., $5). L. R. Lind well translates and 
C. W. Asling annotates The Epitome of His Books on the Fabric of the 
Human Body by Andreas Vesalius (Macmillan, N.Y., 49, 140 pp., $7.50). 
A. Mitscherlich and F. Mielke report Doctors of Infamy: The Story of 
the Nazi Medical Crimes (Schuman, N.Y., 49, 200 pp. $2.50). F. K. Norriss 
discusses undergraduate medical education (Med. J. Austral., 1/37/Jan. 
15/49). 

CurnicaL: T. Addis & Co. show pressor action of renin causes proteinuria 
(J. Exp. Med., 89/131/49). H. K. Beecher offers Resuscitation and Anes- 
thesia for Wounded Men (Thomas, Springfield, Ill., 49, 250 pp., $4.50). W. 
Bloom edits Histopathology of Irradiation from External and Internal 
Sources (McGraw-Hill, N.Y., 48, 833 pp., $8). H. F. Blum reviews sunlight 
as causal factor in skin cancer (J. Nat. Cancer Inst., 9/247/48). J. Craig & 
Co. note value of antihistamine drugs in acute nephritis (Brit. Med. J., 1/6 
Jan. 1/49). S. E. Dicker shows water accumulation in hypoproteinemia (Bio. 
chem. J., 43/453/48). S. Farber and W. Dameshek discuss folic acid antag- 
onists (Aminopterin, methopterin) in leukemia (Blood 4/160, 168/49). 
J. F. Fulton surveys Aviation Medicine in Its Preventive Aspects (Oxford 
Press, N.Y., 49, 184 pp., $3.50). D. F. Hamilton and W. S. Dawson discuss 
‘the nervous child (Med. J. Austral., 1/41, 43/Jan. 8/49). Our M. R. 
Hejtmancik, N. D. Schofield, and G. R. Herrmann indicate allergic factor 
in cardiovascular disease and periarteritis nodosa (Am. J. Med. Sci., 217/ 
187/49). E. G. Horrilleno suggests eclampsia is an acute vasculo-renal 
disorder of late pregnancy (Acta Med. Philippina 5/61/48). J. Horvath 
describes ultra-sound therapy in superficial nerve and skin diseases (Arzt 
Forsch., 3/11/49). N. M. Keith and H. B. Burchell note K intoxication in 
severe renal insufficiency (Am. J. Med. Sci., 217/1/49). J. A. Ryle sur- 
veys History, Method and Motives of Social Pathology (Oxford Press, Lon- 
don, 48, 139 pp., 12s/6d). G. Selzer and M. Horwitz suggest allergic 
etiology of polyarteritis nodosa and relation to rheumatic fever and 
glomerular nephritis (S. Afr. Med. J., 23/8/Jan. 1/49). Note Symposium 
by hot-shot thyroidists (Ann. N.Y. Acad. Med., 50/279-508/49). PF. H. 
Theron and W. C. Wilson show plasma volume reduction in peritonitis 
with resulting renal injury (Lancet, 1/172/Jan. 29/49). J. L. Whitten- 
berger & Co. describe electrophrenic respiration in man (J. Clin. Invest., 
28/124/49). 

PuarmacoLocicaL: E. Bulbring and J. H. Burn show acetychloline in- 
hibits cardiac auricles when synthesis is high but stimulates when low 
(Nature, 163/172/Jan. 29/49). F. H. S. Curd and D. G. Davey report 
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quinaldine type cmpd, “antrycide,” is effective prophylactically against 
trypanosomes (Nature, 163/89/Jan. 15/49). A. R. Frisk and I. Lindgren 
recommend methylthiouracil over long periods in congestive heart failure 
(Acta Med. Scand., 132/71/49). A. Gellhorn and L. O. Jones review 
chemotherapy of malignant disease (Am. J. Med., 6/188/49). M. Gross 
and L. A. Greenberg prepare critical bibliographic review of The Salicylates 
(Hillhouse Press, New Haven, 48, 396 pp., $6). R. W. Harmon and C. B. 
Pollard prepare Bibliography of Animal Venoms (Univ. Florida Press, 
Gainsville, 48, 368 pp., $8). H. F. Hellauer and K. Umrath isolate sub- 
stance inhibited by strychnine from spinal nerve roots which inflames 
auditory nerve endings on subcut inj (Arch. ges Physiol., 249/619/48). 
Note Festschrift to stalwart W. Heubner (Arch. Exp. Path. Pharmacol, 
205/129-398/48). J. C. Krantz and C. J. Carr offer Pharmacologic Prin- 
ciples of Medical Practice (Williams and Wilkins, Balt., 49 1,000 pp., $10). 
J. Krecek suggests antihistamine drugs inhibit vagus (Compt. rend. Soc. 
Biol., 142/1039/48). J. S. Lumio finds hearing deficiency caused by CO 
(Acta Otolaryn. Suppl., 71, Helsinki, 48, 112 pp.). D. Movitz and Co. 
confirm our C. M. Pomerat (Cancer Res., 5/724/44), that reticulo-endo- 
thelial immune sera may inhibit tumor growth (Cancer Res., 9/17/49). 
M. Nickerson and G. M. Nomagucki indicate protective action of dibena- 
mine against epinephrin heart effect (J. Pharmacol., 95/1/49) and B. Rosen- 
berg & Co. indicate same for diethylaminoethanol (ibid., p. 18). W. J. 
Rawlings recommends magnesium gluconate 1.3 gms. daily as prophylactic 
vs. dysmenorrhea (Med. J. Austral., 1/61/Jan. 15/49). E. Schwartz and 
J. Wolf discuss difficulties in comparing antihistamine drugs by skin wheal 
tests (J. Allergy, 20/32/49). M.G. Sevag and J. S. Gots study enzyme 
factors in resistance of microorganisms to drugs (J. Bact., 56/709-748/48). 
Our L. Soderhjelm and B. Zetterberg show inhibition of streptomycin by 
inositol (Upsala Lakar Forh., 53/235/48). H. Sommer & Co. find choline 
and trimethylamine among bases in marine plankton poison (J. Biol. Chem., 
177/7/49). N. R. Tortter reviews antithyroid drugs (J. Pharm. and 
Pharmacol., 1/65/49). J. H. Tucci & Co. discuss succinate in barbital 
anesthesia (Anesth., 10/25/49). 

Norasie: M. Florkin’s Biochemical Evolution is translated and anno- 
tated by S. Morgulis (Academic Press, N.Y., 49, 163 pp., $4). H. Hoagland 
brilliantly considers rhythmic behavior of the nervous system (Science, 
109/157/Feb. 18/49). 


Aprii, 1949 


CiinicoLocy: G. P. Crowden shows physical and mental impairment 
from hot and humid environment (7Jrans. Roy. Soc. Trop. Med. Hyg., 
42/325/49). M. N. J. Dirken and H. Heemstia describe adaptation of 
pulmonary blood flow to alveolar ozygen tension in both lungs and effect 
of histamine in reducing ventilation and blood flow (Quart. J. Exp. Physiol., 
34/181, 213/49). P. Drmker and W. A. Cooke propose maximum allow- 
able concentrations of atmospheric impurities (J. Indust. Hyg. Tox., 31/51/ 
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49). P. Eggers reports EKG changes (sinus bradycardia) in hunger edema 
(Klin. Wchnschr., 27/6/Jan. 1/49). T. C. Evans discusses fast neutron 
health hazard (Nucle., 4/2/March/49). E. Fischer offers holistic approach 
to polio (Conf. Neurol., 925/49). W. J. Grace & Co. show mucolytic 
enzyme (lysozyme) of colon increases in emotionally disturbed states 
with resulting tendency to ulcers (Am. J. Med. Sci., 217/241/49). J. Hark- 
ness says plasma protein equilibrium factor more reliable clinically than 
albumin/globulin ration (Biochem. Biophys. Acta, 3/34/49). V. I. Krieger 
and R. T. Simmons confirm A. E. Mourant (Nature, 158/237/46) on 
presence of Lewis antigen in 25% English stock (Med. J. Austral., 1/85/ 
Jan. 22/49). A. J. S. McFadzean and L. J. Davis show RBC stippling in 
lead poisoning is due to non-hemoglobinated iron and that spleen usually 
removes defective cells (Quart. J. Med., 18/57/49). G. R. Meneely and 
N. L. Kaltreider suggest helium dilution method for estimating lung 
capacity (J. Clin. Invest., 28/129/49). M. J. Morrissey and A. J. Palmer 
describe modified CO: method for estimating cardiac output and get 2 to 
3.7 liters per square meter body surface per minute (Med. J. Austral., 1/ 
113/Jan. 29/49). A. Palmer reviews diagnostic use of basal body tempera- 
ture in women (Obs. Gyn. Rev., 4/1/49). Our R. H. Rigdon analyses 
pathology of black water fever (Am. J. Path., 25/195/49). F. S. Robscheit- 
Robbins and G. H. Whipple show egg proteins favor production of plasma 
proteins while meat proteins favor HB production (J. Exp. Med., 89/339/ 
49). S. Stenberg finds better schizophrenia prognosis for men than for 
women (Acta Genet. Statist. Med., 1/5/49). Nnote Symposium on chronic 
malnutrition (Rev. Aso. Med. Argentina, 63/1-28/Jan. 15-30/49). C. I. 
Urechia & Co. show electroshock reduces venous blood water content and 
increases that of capillaries (Press. Med., 57/199/March 5/49). 
Puarmaco.tocy: G. V. Anrep & Co. show coronary dilatiation and bron- 
chial relaxation from khellin, active furano cmpd. from ammi_ visnaga, 
Arabic Khella (J. Pharm. Pharmacol., 1/164/49). C. E. Bryan & Co. find 
increased urethan retention in leukemia (J. Biol. Chem., 177/941/49). J. H. 
Burchenal describes nitrogen mustards in leukemia (Cancer, 2/1/49). J. F. 
Crowley & Co. show poor beryllium absorption from gut but retention by 
bone (J. Biol. Chem., 177/975/49). J. Hald & Co. show sensitizing effect 
of tetraethyl thiuram disulfide (antabusan) to alcohol and conversion to 
acetaldehyde (Acta Pharmacol., 4/285, 321/48). J. Hay suggests thalamic 
effect of myanesin (Dihydroxy-methylphenoxy-propane) in paralysis agitans 
and in euphoric relief in psychiatric tension (Canad. Med. Asso. J., 60/ 
224/49). A. J. H. Hewer & Co. offer clinical method of assessing analgesics 
(Lancet, 1/431/March 12/49). S. B. Holtham and F. Schutz relate anti- 
mitotic action of cyanate to its stabilizing action on proteins (Biochim. 
Biophys. Acta, 3/65/49). T. W. Parkin and W. F. Kvale find 40 mgm. 
salmine sufate on slow IV injection neutralizes anticoagulant effect of 
50 mgm. heparin without reaction (Am. Heart J., 37/333/49). L. Peters 
& Co. find antifilarial action in cyanine dyes (J. Pharmacol., 95/212/49). 
S. Roberts and A. White discover thymus nucleoproteins which cause 
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lymphacytosis and thymic hyperplasia, may be by depressing pituitary- 
adrenocortical control of lymphocyte dissolution (J. Biol. Chem., 178/151/ 
49). Congratulations to E. Rothlin on splendid Festschrift on 60th birthday 
with reprints from important journals on many subjects (Schwabe, Basel, 
"48, 490 pp.). G. Schimert and H. Zichgraf find dihydro-ergot alkaloids 
useful in angina pectoris (Klin. Wchnschr., 27/59/ Jan. 15/49). W. Schmidt 
and H. Hahn note thiosemicarbazon (G. Domagk, Nature, 46/315/46) is 
promising in tuberculosis of children (Deutsch. Med. Wchnschr., 74/118/ 
Jan. 28/49). F. W. Schueler & Co. indicate analgesic action of morphine 
and analogs is related to effect or autonomic nervous system (J. Am. - 
Pharmaceut. Asso., 38/74/49). J. E. P. Toman reviews neuropharmacology 
of anti-epileptics (Electroenceph. Clin. Neurophysiol., 1/33/49). W. W. 
Umbreit shows streptomycin inhibits oxidation of fumurate-and pyruvate 
terminal respiratory process (J. Biol. Chem., 177/703/49). H. B. Van 
Dyke reviews morphine substitutes metopon, meporidine and methadone 
(Bull. N.Y. Acad. Med., 25/152/49). D. T. Watts shows morphine and 
analogs inhibit succinic oxidase system (J. Pharmacol., 95/117/49). 

EtceteroLocy: R. Allen well handles Communism and Academic Free- 
dom (Univ. Washington Press, Seattle, °49, 125 pp., $1.50). F. Cunha 
offers fine centennial tribute in Osler as a Gastroenterologist (San Fran- 
cisco, "49, 57 pp.). G. M. Dyson proposes useful coding, indexing and 
classifying system for organic cmpds. (Research, 2/104/49). P. S. Galtsoff 
discusses interesting problem of “red-tide” (“blooming” of dinoflagellates) 
in Gulf waters (Sci. Month., 68/108/49). F. T. Gardner skillfully diag- 
noses ills of Andy Jackson (1767-1845) (Surg. Gyn. Obs., 88/405/49). 
A. K. Parpart edits excellent symposium on Chemistry and Physiology of 
Growth (Princeton Univ. Press, 49, 300 pp., $4.50). 


May, 1949 


Sprinc Cutture: D. Cannon biographicates Explorer of the Human 
Brain: The Life of Santiago Ramon y Cajal (1852-1934) (Schuman, N.Y., 
*49, 220 pp., $4). W. Clark offers Topics in Physical Chemistry: A Supple- 
mentary Text for Students of Medicine (Williams & Wilkins, Baltimore, 
48, 753 pp., $10). G. B. Duchenne’s Physiology of Motion (1866) is 
translated and edited by E. B. Kaplan (Lippincott, Phila., 49, 635 pp., $18). 
I. Gladston edits Social Medicine: Its Derivatives and Objectives (Common- 
wealth, N.Y., 49, 310 pp., $2.75). B. L. Gordon studies Medicine throughout 
Antiquity (Davis, Phila., ’49, 800 pp., $6). M. B. Gordon writes Aesculapius 
Comes to the Colonies: The Story of the Early Days of Medicine in the 
Thirteen Original Colonies (why “original”?: Ventnor Publ., Ventnor, N.J., 
"49, 560 pp., $10). G. L. Jepson & Co. edit Genetics, Paleontology and 
Evolution (Princeton Press, 49, 500 pp., $6). A. Koestler offers Insight and 
Outlook (Macmillan, N.Y., 360 pp., 49, $5). F. S. C. Northrop edits 
Ideological Differences and World Order: Studies in the Philosophy and 
Science of the World’s Culture (Yale, New Haven, ’49, 497 pp., $4.50). 
H. W. Orr writes On the Contributions of H. O. Thomas, R. Jones, and 
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J. Ridlon to Modern Orthopedic Surgery (C. C. Thomas, Springfield, IIl., 
49, 267 pp., $5). Sir Charles Sherrington discusses Goethe on Nature and 
Science (Cambridge Univ. Press, 49, 52 pp., 2s 6d). J. S. Simmons edits 
Public Health in the World Today (Harvard Press, Cambridge, 49, 347 
pp., $5). H. W. Smith revises 1932 classic Kamongo or the Lungfish and 
the Padro (Viking, N.Y., 49, 151 pp., $2.50). C. E. A. Winslow and L. P. 
Herrington survey Temperature and Human Life (Princeton Univ. Press, 
49, 284 pp., $3.50). Now available Withering on the Foxglove in reprint 
(Fudge, Sardinia House, London, ’49, 232 pp., 6 guineas). H. R. Zimmer 
reviews Hindo Medicine (Johns Hopkins Press, Baltimore, ’48, 203 pp., $4). 
G. K. Zipf analyses Human Behavior and the Principle of Least Effort 
(Addison-Wesley, Cambridge, Mass., 49, 573 pp., $6.50). 

Curnicat: E. Berger reviews Jegal and clinical aspects of rhesus factor 
(Schw. Med. Wchnschr., 79/162/Feb. 26/49). B. Castleman and E. H. 
Norris survey pathology of thymus in myasthenia gravis (Med., 28/27/49). 
F. W. Chattaway and J. Dawson obtain pressor substance fr Hb by action 
of pepsin (Nature, 163/531/April 2/49). R. Della Santa says ethyl 
dioxycoumariny] acetate (“tromexan’’) is useful safe anticoagulant (Schw. 
Med. Wchnschr., 79/195/March 5/49). W. E. Gye revives virus etiology 
of cancer (Brit. Med. J. 1/511/March 26/49). W. S. Hartcroft and C. H. 
Best report renal hypertension following choline deficiency (Brit. Med. J., 
1/423/March 12/49). W. Haymaker and J. W. Kernohan analyse acute 
infectious polyneuritis (Landry’s syndrome) (Med., 28/49/49). L. Heil- 
meyer discusses sensitizing cells to radiation by cytostatic agents (Acta 
Hematol, 2/25/49). F. L. Horsfall edits Diagnosis of Viral and Rickettsial 
Infections (Columbia Univ. Press, N.Y., 49, 165 pp., $3.75). E. K. Kastrup 
offers Facts and Comparisons, a biweekly loose-leaf digest of drugs, giving 
chemistry, actions, names and prices (3137 South Grand Blvd., St. Louis 18, 
Mo.) C. M. MacLeod edits Evaluation of Chemotherapeutic Agents 
(Columbia Univ. Press, N.Y., ’49, 219 pp., $4). S. F. St. Groth and D. M. 
Graham note virus adsorption on cell receptors followed by viropexis, the 
passive uptake of the infective particle by the host cell (Austral. J. Exp. 
Biol. Med. Sci., 27/82/49). J. Schubert shows zirconium citrate increases 
rate of excretion of plutonium and radiactive metals fr body (J. Lab. Clin. 
Med., 34/313/49). H. B. Taussig describes Congenital Malformations of 
the Heart (Commonwealth, N.Y., ’49, 654 pp., $10). L. Vargas (Chile) 
recommends subcutaneous implantation of protamine-zinc-insulin-cholesterol 
in treatment of diabetes mellitus (Lancet, 1/598/April 9/49). 


PuarMaco.ocy, BiocHEemMistry, Erc.: E. J. Baumann and N. Metzger 
say thyroid handles halides and thiocyanates similarly (Proc. Soc. Exp. 
Biol. Med., 70/536/49). W. G. Clark & Co. note antioxidant epinephrine 
protecting action of flavonoids (Vitamin Ps) (J. Pharmacol., 95/363, 399/ 
49). S. S. Cohen reviews growth requirements of viruses (Bact. Rev. 13 
1/49). J. W. Conn & Co. note metabolic implications of relief of diabetes 
by reduced glutathione (Science, 109/279/March 18/49). R. D. Evans 
makes quantitative inferences concerning genetic effects of radiation on 
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humars ‘”’'d., p. 299, March 25/49). Faraday Society announces sym- 
posium or iipo-proteins Aug. 29-31 at University of Birmingham. Federa- 
tion proceedings include over 1,200 abstracts in physiology, biochemistry, 
pharmacology, pathology, nutrition, immunology (Fed. Proc., 8:1-415/49). 
M. E. Freeman & Co. note magnesium necessary for hyaluronidase in- 
hibition (Proc. Soc. Exp. Biol. Med., 79/524/49). L. N. Gay, P. E. Car- 
liner, B. A. Strickland, and G. L. Halm discuss prevention of motion 
sickness by ‘“dramamine,” dimethylamine ethyl-benzohydryl-ether-chloro- 
theophyllinate (Science, 109/359/April 8/49). L. S. Goodman discusses 
mechanisms of anticonvulsants (Arch. Internat. Pharmaco. Therap., 
78/144/49). H. Raistrick describes synthesis of chloromycetin by L. A. 
Sweet of Parke-Davis, nitropheny]l-dichloro-acetamido-propane-diol (Nature, 
163/553/April 9/49). M. Stacey & Co. show Feulgen reaction locates 
precise site of deoxyribonucleic acid in cell (Nature, 163/538/April 
2/49). R. C. Thompson and H. M. Kirby suggest individual patterns of 
amino acid excretion in humans varying with body weight (Arch. Biochem., 
21/210/49). 














